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(57) Abstract R'lS 

This invention provides some new synthetically obtained compounds of formula (I and II). which are useful as chemical 
intermediates. Representative formula (I or II) compounds have also been shown to possess useful ranges of antitumor activity in 
standard laboratory animal tests. In addition, the compounds of formula (I or II) can be linked to monoclonal aniibodics, either 
directly or via known linking group, as a means of selectively delivering the CC-1065 analogs (Compounds of Formula 1 and II) 
to those target cells expressing the target antigen and thus selectively eliminating those diseased cells from the animal or human. 
Further, the conipounds of formula (1 and II) can be linked to soluble human CD4 or a soluble human CD4 protein fragment 
capable of binding to the gpl20 envelope protein of the human immuno-vinis and thus eliminate virally infected cells. 
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-1- 

NOVEL CC-1065 ANALOGS 
BACKGROUN D OF THE INVFNTION 
Antibiotic CC-1065, (7bR,8aS)-7-I[l,6^iihydro-44iydroxy-5-inethoxy-7-[(4,5,8,8a- 
tetrahydro-7-incthyl-4K)xocyclopropaIc]pyrroloI3,2-e]indol-2(lH)-yl)carbonylJbe^ 
5 b']dipyrroJ-3C2H)-yllcarbonyl) 1 .6-dihydro-4-hydroxy-5-methoxy-benzo[ 1 ,2-b:4,3-b*]dipyrrole- 
3(2H)-carboxamide, is disclosed and claimed in LJ. Hanka et al U.S. Patent No. 4,169,888 
together with a process for prq)aring antibiotic CC-1065 by aerobic fermentation procedures, and 
recovering antibiotic CC-1065 therefrom. 

In The Journal of Antibiotics, 1985, 38, 746, D.G. Martin et al repotted that acetic acid 
10 adds across the spirocydopropylcyclohexadienyl (SCPCH) system of CC-1065 to produce the 
phenolic, acetic acid product (AAP), 7-[[7-[[l.[(acetyloxy)methyIl-l,6^ihydro-5-hydroxy-8- 
methyJben20[l,2-^):4,34)*)dipyrrol-3(2H>yllcarbonyl]-l ,6Kiihydro-44iydrox 1 ,2- 

b:4,3-b']-dipyrrol-3{2H)-yl]carbonyl]-l,6-dihydro-4-hydroxy-5-methoxy-ben2o[1.2-b:4,3- 
b']dipyrrole-3(2H)<arboxamide. AAP was tested in vitro and In vivo and found to be less potent 
15 than CC-106S by a factor of 1(P to 10^ d^ending upon the particular test system and therefore 
tended to divert attention from adducts of the SCPCH system as usefol antitumor agents or as 
prodrugs to CC-1065 analogs. 

In J. Am. Chem. Soc, 103, No. 18, 1981, W. Wiercnp published a "Synthesis of the 
Left-Hand Segment of the Antitumor Agent CC-1065'. 
20 EP Application 0 154 445 (published 1 1 .09.85) discloses various analogs of antibiotic CC- 

1065, including compounds of formula EP-I and EP-n (see General Formula chart of 
EP 0154 445), wherein R, in formula EP-II is CH3-, -CH2Ph, CH=CHCH2-, -CH2SCH3, 
-CHjOCHj^ -CH2OCH2CH2OCH3, -CH2CCI3, -CH2CH2Si(R2)3. or H, where Ph is phenyl; R 
is alkyl(Ci-C5), phenyl, or H; I^* is C| to C5-alkyl, phenyl or hydrogen, and is not necessarily 
25 the same as R in one compound; R3 is alkyl(C|-C5), phenyl, or H; and X is CI, Br, or 1-, or 
OSO2R4O, where R40 is Cj to C5-alkyl, phenyl, tolyl, bromophenyl, nitrophenyl, or 
trifluromethyl. (See also U.S. Patent No. 4,912,227.) The O-protected compounds of formula 
EP-n are chemically stable and only removable under specific chemical conditions. However, 
when the compounds of formula EP-II are 0-dq)rotected, they can be cyclized to yield the 
30 compounds of EP-I. Other analogs of antibiotic CC-1065 are disclosed in EP Application 340- 
243A (published 08 U.89). 

EP Application 0 154 445 also discloses CPI dimers joined by -C0-(CH2)n}-C0- where 
nj is 2-12 and CPI dimers joined by the tetfier -C(0)-(-Rii-X:(0)-X7-(-CH2CH2- 
X7)n4-C(0H.R„.)-C(0)- where = CH2CH2, CH==CH; and X7 = 0, NH, and n4 = M, 
35 and the HCl and Mel salts for X7 = NH. 

Additional dimers of CPI prodrugs joined by -C0-(CH2)n|-C0- where n| is 2-12 and CPI 
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dimers joined by the tether -C(OH-Ri,-)-C(0)-X7K-CH2CH2.X7)n4^(OH-R„-K(0)- where 
Rl, = CH2CH2, CH=CH; and X7 = 0. NH, and n4 = M. and the HCI and Mel salts for X7 
= NH are disclosed in U.S. Patent Application 944,633, filed 19 December 1986, now abandoned, 
and PCT/US Application 87/03227. filed 1 1 December 1987. published 14 July 1988. 
5 Various oral and poster presenutions of material in U.S. patent application Serial No. 

944,633, filed 19 December 1986 and EP Application 340 243A, published 08.1 1.89, have been 
made. 

Various oral and poster presentations of the CC-1065 analogs having two CPI subunlts 
disclosed in U.S. patent application Serial No. 07/243,350, filed 12 September 1988 (now 

10 abandoned) and EP Application PCT/US89/03329. filed 7 August 1989 (Case 4305.P). 

TTie use of tumor-associated monoclonal anUbody (Mab)<onjugates and Mab-toxin 
conjugates for the treatment of cancer is described in many publications. For ecample. European 
Patent Application 87304516.5 (Publication No. 70 247 792) discloses immunoglobulin conjugates 
formed by reaction of an antineoplastic indoleslihydroindole vmca alkaloid containing a hydrazide 

15 group wHh an oxidized glycoprotein containmg aldehyde groups. Other European Patent 
Applications disclosing antibody conjugates inchide EP 83400461.6 (Publication No. 0 088 695), 
85401695.3 (Publication No. 0 173 629. see also US Patent 4.741,900) and 85401776.1 
(PuUication No. 0 175 617). 

SUMMARY OF THE INVFNTini^ 

20 TTiis invention provides some new synthetically obtained compounds of formula I and H 

(see General Formulae Chart), as defined hereinafter, which are useful as chemical intermediates. 
Represenutive formula I and n compounds have also been shown to possess useful ranges of 
antitumor activity in standard laboratory animal tests. The compounds of this invention are ob- 
talned by chemical processes shown in Schemes 1-15 and detaUed in the examples. 

25 In addition, die compounds of formula I or D can be linked to monoclonal antibodies, 

either directiy or via known linking group, as a means of selectively delivering die CC-1065 
analogs (Cbmpounds of Formula I and II) to diose taiget cells expressmg die target antigen and 
dius selectively eliminating diose diseased cells from die animal or human. Furdier. die 
compounds of formula I and n can be Imked to soluble human CD4 or a sohible human CD4 

30 protein fragmem capable of binding to die gpl20 envelope protein of die human imffluno-vlnis and 
dius eliminate vinilly infected cells. 

DETAILED nRSPRTPTint ^ Qp thp TMYi; |>|Tp^,>, 

More specifically, diis invention provides new chemical compounds of Formula I or n (see 
FORMULAE sheet) 
35 wherein W is selected from C,-C5 alkyl. phenyl or hydrogen; 

wherein X is selected from azido. a halogen atom, cyanate. diiocyanate. isocyanate. 
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.3- 

thioisocyanate, phosphate diester (OP0(0R)2), phosphooyl (-O-PO^R). thiophosphonyl 
(-0-PSOR), suinnyl (-O-S0R) or sulfonyl (-O-SOjR); 

wherein D is R15 or K'ls; 

wherein Q is Y when D is R'i5; 
5 wherein Q is Y' when D is R15; 

wherein Y is sdected from hydrogen, <:(0)R» -C(S)R» -C(0)ORj, 
.S(0)2R„ -C(0)NR2R3. -C(S)NR2R3. -C(0)NHS02R4, -C(0)CH2(OCH2CH2)n70(Ci-C3 alkyl) 
and n7 is 0-S (preferably 2 or 3), or -C(0)(CH2)QgC(0)R^ where n8 is 0-10 ^preferably 2, 3 or 
4) and R^ is selected from -OH (or a metal or amine salt thereof), -OR^ where R^ is 
10 -CH2C(CH20H)3 or R70, and -N(Rj^ R^ where R^ is hydrogen or C1-C4 alkyl, and R^ is selected 
from -C(CH20H)3, -CH2C(CH20H)3, -CH2C(CH2NH2)3, R70, R71 or R72 where n9 is 1 or 2 
and nlO is 1-3; 

wherein Y' is selected from -C(0)Rio. ■C(S)Rio, -C(0)ORio, -S(0)2Rio, -C(0)NRi2Ri3, 
-C(S)NRi2Ri3. or -C(0)NHS02Ri4; 
15 wherdn Z is selected from the group consisting of CyC^ alkyl, phenyl or hydrogen; 

wherein R is selected from the group consisting of CyC^ ^"^6 a^^enyl; C2-C5 
alkynyl; phenyl optionally substituted with one, 2 or 3 C|"C4 alkyl, CyC^ alkoxy, halo, C1-C3 
alkylthio, trifluorometfayl, C2-C5 dialkylamino, or nitro; naphtfayl optionally substituted with one 
or 2 C1-C4 alkyl, C1-C3 alkoxy, halo, trifluromethyl, (^-C^ dialkylamino, C1-C3 alkylthio or 
20 nitro; 

wherein R| is selected from C1-C20 allcyl or phenyl optionally substituted with one, 2 or 
3 Ci-C^ alkyl, Ci-C3 alkoxy, halo, C1-C3 alkylthio, trifluoromethyl, Ci^C^ dialkylamino, or 
nitro; 

wherein R2 and R3, bemg the same or different, are sdected from hydrogen, €^-€20 ^^'> 
25 or phenyl optionally substituted with one, 2 or 3 C1-C4 alkyl, C1-C3 alkoxy, halo, C1-C3 
alkylthio, trifluoromethyl, C^-C^ dialkylamino, or nitio; with die proviso that both R2 and R3 can 
not be phenyl or substituted phenyl; 

wherein R4 is selected from C^-Ciq alkyl; phenyl optionally substituted with one, 2 or 3 
Cj-C4 alkyl, Ci-C3 alkoxy, halo, C1-C3 alkylthio, trifluoromethyl, C2-C^ dialkylamino, or nitro; 
30 n^hthyl optionally substituted with one or 2 €^-€4 alkyl, Ci-C3 alkoxy, halo, trifluromethyl, C2- 
C5 dialkylamino. €^-€3 alkylthio or nitro; 

wherein Rjq, R13 and R14, being the same or different, are selected from -(C1-C20 
alkyl)(CH2)QR5Q or -(phenyl optionally substituted with one or two C1-C4 alkyl, C1-C3 alkoxy, 
halo, C1-C3 alkylthio, trifluoromethyl, C2-C5 dialkylammo, or nitro)(CH2)QR5o; 
35 wherein n is 0-10; 

wherein R5Q is selected from the group consisting of 
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0) -cOjH: 

(ii) -CH2NH2; 

fui) -SH; 

fiv) -C(R<^(Rg,)-SH wherein 1^ and being the same or different, are C,-C. 
5 aJkylorH; 

M •NHC(OHCH2)ni-C(R^o)(R<,)-SH wherein and R^^, are defined above and 
n| is O-S; 

(vi) -C(0)NHNH2 Oiydrazido); 

(viO -NHNH2 0>ydrazlno); 

10 (viii) -CH2OH (hydroxymethyl); 

(a) .NHC(S)NH2 (Aioureido); 

(x) -CH2NHC(0)NIH2; 

(xi) -NHC(S)NHNH2; 

(xii) -C(0)CH2Xi (X, is a halogen); 

15 (xllO -CH2X, (halometfayl) wherein X, is a halogen; 

(xiv) -CHO (aldehyde); 

0 

(xv) -C(0)-0-N^(H-hydr<aysttcciaidyl); 



20 



25 



30 



35 



0 

(xvi) ("'leiaide); 

(xvIO -C(R<5o)(R<5,)C(0)NHNH2 wherein and R«,. being the same or different, are 
q-C4alkylorH; 

(xviii) -0(CH2)„,C(Rgo)(R<i,)C(0)NHNH2 wherein Ra. Rg,. and n, are defined above; 

(xix) -N(R62XCH2)„iC(R6o)(R6,)C(0)NHNH2 wherein R«,, R«, and R« ari 
indq)endently selected from C1-C4 alkyi or H and n, » 0-5; 

(XX) -0(CH2)o2C(R6o)(Rgi)C(0)NHNH2 (nj = 1-5); 

(xxi) -NHR5,; 

(xxii) -C(0)NHNHR3,; 

(xxiii) -NHNHRjj; 

wherein R5, is an amine protecting group such as BOC (t-butoxycarbonyl), FMOC 
(9-fluorenylmetfiyIoxycarbonyl), TFA (trifluoroacetate)amide), ALLOC (alloxycarbonyl), CBZ 
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(benzoxycarbonyl), or TROC (trichloroethoxycarbonyl); 

(xxiv) •NHC(=NH)NH2(«uanadinyl);or 

(xxv) -B-M-(CH2)n3R52 wherein 113 = 0-5; R52 is the same as R50 above (groups (i) - 
(xxiv) only); 

5 wherein B is an ester (•(X:(0)- or -C(0)0-1 or amide [-^0(0)- or -C(0)NH-J bond; 

wherein M is defined below as any compatible peptide, carbohydrate, or other organic 
moiety imparting to the embodiment of this mvention specific properties (e.g. chemical, 
photochemical, or enzymatic cleavability; branching for multiple site attachment of additional 
therapeutic agents of the invention; optimal spacing between therapeutic agent and antibody); for 
10 cleavage of linkers by serum compliment M can be chosen from Table ID; 

wherein in Table m (a.a) represents any naturally occurring amino acid (and can be the 
same or different) and 1^4 = 0-5; 

wherein Rj2 is selected from hydrogen, C1-C20 phenyl optionally substituted with 

one, 2 or 3 C1-C4 allcyl, Cj-Cj alkoxy, halo, Cj-Cj alkylthio, trifluoromethyl, C2-C6 
15 dialkylamino, of nitio; 

wherein R|5 is a carbonylaryl group selected from the group consisting of 
Fbrmula (a) wherein Xg is -0-. -S-, -NH-; X9 Is -CH- or N; X^^ is -0-, -Iffl-; Xj j 
is -CH- or -Ns may be the same or different and is H, OCH3, NO2, NHC(0)CH3, 
OH, halo, C1-C4 alkyl. CJ-C3 alkoxy, Cj-C^ dialkylamino, or NHC(0)C6H5; and Xg is 
20 H, OCH3, NO2, NHC(0)CH3, OH, halo. Ci^C^ alkyl, C1-C3 alkoxy, Cj-Ce 

dialkylamino, or NHC(0)C5H5; 

Formula (b) wherein X5. Xg, X9 have the meanings defined above; 

Formula (c) wherein X5, X^, Xg, X9 have the meanings defined above; 

wherein R'15 is a carbonylaryl group seleaed from the group consisting of 
25 Formula (d) wherein Xg is -0-, -S-, -NH-; X9 is -CH- or N; Xjq is -0-, -S-, -NH-; X^ 

is -CH- or -N-; X5 can be the same or different and is H, OCH3, NO2, NHC(0)CH3, OH, halo, 
C1-C4 alkyl, C1-C3 alkoxy, Cj-Cs dialkylamino, or NHC(0)C(iH5; X5 is H, OCH3, NOj. 
NHC(0)CH3, OH. halo. C1-C4 alkyl, C1-C3 alkoxy, Cj-Ce dialkylamino, or NHC(0)C5H5; n 
and R50 have the meanings defined above; 
30 Formula (e) wherein Xg is -0-, -NHs X9 is -CH- or N; Xjq is -0-, -S-, -NH-; Xjj 

is -CH- or -N-: X5 is H, OCH3, NOj, NHC(0)CH3, OH. halo, C,<:4 alkyl, CpCj alkoxy, C2- 
Ce dialkylamino, or NHC{0)C5H5; X^ is H. OCH3. NO2, NHC(0)CH3, OH. halo. C1-C4 alkyl, 
C1-C3 alkoxy, C2-C6 ^jialkylamino. or NHC(0)C5H5; n and R50 have the meanings defined above; 

Formula (f) wherein X5, Xg, X9, n and R50 have the meanings defined above; 
35 Formula (g) wherein X5, X^, Xg, X9, n and R50 have the meanings defined above; and 

Formula (h) v^erein X5, X5, Xg, X9, n and R5Q have the meanings defined above. 
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(Fonnulae a-h are set forth in the General Fonnulae Sheets). 
W is preferably methyl. 

X is preferably halogen, more preferably chloro or bromo. 

Z is preferably hydrogen. 
5 is preferably Formula aa (General Fonnulae Sheet), wherein X5 and are hydrogen 

and Xio is -O- or -NH-; or any of the foregoing optionally subsUtuted with X5 and/or X^, 
independently selected firom NO^, halogen, OH, C1-C3 alkoxy or Cj-C^ dialkylamino. 

R^15 is preferably Formula dd, ddd, or dddd (General Formulae Sheet), wherein X5 and 
Xg are hydrogen, or any of the forgoing optionally substituted widi X5 and/or X5, independently 
10 selected from NO^, NHX(0)CCH3. halogen, C^^^ alkyl. C1-C3 alkoxy or Cj-Ce dialkylamino. 

<C^2>m^S0 is preferably -(CH2)„i.C(R<jo)(R6i)C(0)NHNH2; -NHC(0)KCH2)n2- 
C(R6o)(R6i)SH; or -(CH2)n2C(R^(Rg,)SH, wherein R^q and R^j arc indq)endently methyl or 
H, m is 1-3, and m2 is 0-3. 

Q is preferably Y. 

Y is preferably hydrogen, 3,6,9-trioxadecanoyl, N-[2-hydroxy-l,l- 
bis(hydroxymediyl)ethyllglutaramyl, 7-glutaramyl-naphthaiene-l,3^isulfonic acid salts, -C(0)R, 
-C(0)ORi. -SO2R1 or -C{0)NR2R3 wherein R. Rj and R2 is phenyl optionally substituted with 
one, two or three halogen, NOj, C1-C4 alkyl, C1-C3 alkoxy. Cj-Cj thioalkyl. trifluoromediyl or 
€2-^5 dialkylamino. 

20 Xg is preferably hydrogen, NO2. halo (most preferably chloro), methyl, «hyl, methoxy, 

ethoxy, dimethylamino, diethylamino, dipropylam'mo or dibutylamino. 
X9 is preferably -CH-. 
Xg is preferably -NH-. 
Xjj is preferably -CH-. 
25 Xio is preferably -NH- or -0-. 

Halogen atom (halo) refers to a bromo, chloro. iodo or fluoro atom. 
Examples of C1-C20 alkyl are metfiyl, ethyl, propyl, butyl and the like, including isomeric 
forms thereof. Examples of Ci-C3 alkoxy are methoxy, ethoxy. propoxy and isomeric forms 
thereof. Examples of C2-C^ dialkylammo are ditaethylamino, diethylamino, melhylethylamino, 
30 dipropylamino and ethylpropylamino. 

Thp. compounds of formula I and n on the FORMULAE sheet can be named as derivatives 
of die numbering system (Bj and Bj) shown on the FORMULAE sheet. Such compounds wUl 
containthe 1.2,3.6-tetrahydro-3-R5-8-W-5-Y.benzo(l,2^:4,3-b'ldipyrrol-l.[Z-CH(X^^ 

The compounds of Formula I and 11 are drawn as the racemic mixture and include the 
35 natural isomer of Formula la and Da. which can be resolved from the racemic mature and/or 
prqjared from starting materials or intermediates of the natural, i.e. l(S)-configuration. 
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Examples of compounds of Formula I and II of this invention include: 

(S)-2-[[[2-{[ 1 -(chloromethyl)- 1 ,6-dihydro-5-hydroxy-8-methyIbenzol 1 .2-b:4,3-b']dipyrrol- 

3(2H)-yl]carbonyll-lH-indol-5-yl]amino]carbonyll-2-bcn2ofuran-5-carboxylic acid phcnylmethyl 

ester (Cpd #1); 

5 (S>-2fl[2H[Kchloromethyl)-l,Mihydro-5-hydroxy-8-methylben20[l,2-b:4^ 

3(2H>yi]carbonyi]-lH-imlol*S-yl]anuno]carbonyl]-2-benzof^ acid (Cpd 12); 

(S>2fl[24(44,8,8aHetrahydro-7.methyl^xocydopropaHc]pyrroI(3 
carbonyl]-lH-lndol-S*yl]amtno]caibonyl]-2-benzofuran-S-ca^ acid (Cpd #3); 

(S)-2-[[([2-[(Hcfalorom«hyl)-l p Wihydro-5^ydroxy-8-mcthyIbenzo[l ,2-b:4,3-b']dipyrrol- 
10 3(2H)-yllcarbonyl]-lH4ndol-5-yllanuno)carbonyll-lH-indol-5-yll<arbami 
ester (Cpd #4); 

(S)-N-[2-([l-(chloromethyl)-l,6-dihydro-8-methyl.54[[[4-[(l(lJ-dimethylethyl)oxy> 
carbonyl]aminomethyllphenyl)aminolcar-bonyl]oxylbenzo(l,2-b:4,3-b'l-dipyrrol-3{2H)- 
yl]carbonyl]-lH-indol-S-yl]-2-benzolurancarboxamide (Cpd jK); 

15 5-I(2-mercaptopropionyl)amlnoJ-N-I2K4,5,8,8a-tctrahydro-7-mcthyl-4^xocyd 

Ic]pyrrolo(3,2-e]indol-2(lH>yl>lH-indol-5-yll-lH-indol^^ (Cpd «); 

(S)-N-l2-[Il-(chloromcthyl)-l,Mihydro-8-methyI-5-[(I(4-n 

phenyllamino]carbonylloxylbcnzo[l ,2-b: 4,3-b*]dipynol-3C2H)-2-yl]carbonyl]-lH-indoK5-yl]-2- 

bcnzofurancarboxamtde (Cpd #10); 
20 (S)-2-I[[2"I( Hchloromethyl)-! ,6-dihydro-5-hydroxy-8-methylbenzo{ 1 .2-b:4,3-b'Idlpyrrol- 

3(2H)-yl]carbonyl]-lH-indoi-5-yl)arainolcarbonyil-S-Il2^[(l,lHiim^^^ 

zinolcarbonylJ-lH-indol (Cpd #11 A); 

(S)-2H[I2-[(l-(chloromethyl)-l,Mihydro-5-hydroxy-8-mediylbenzo[l,2-b:4,3-b'l 

3(2H)-yl)carbonyl]-lH-indol-5-yllaminolcarbonyll-5-(hydra2inocarbonyl)-lH-indol 
25 monohydrocfaloride (Cpd 01 IB); 

(S)-N-[2-[[l-(chloronicthyl)-l,6-dihydro-8-methyl.5-[[[I4-[[2-[((lJ-dimcthylethyI) 
oxylcarbonyl]hydrazino]carbonynphenyl]amino]carbonyl]oxy]benzoU,24>:4,34^ 
yl]carbonyIl-lH-lndol-5-yll-2-bcnzofurancarboxamide (Cpd #12); 

(S)-N-(2.([l-(chloronicthyl)-U6-dihydro-8-mcthyl-5-[It[4-[[[2-[I(lJ-dlmeth^^^^ 
30 )oxylcarbonyl]hydra2ino]carbonyl]ethyl]phenyl]aminolcarbonylloxy]ben20[l,2-*:4,3-b'J^ 
3(2H)-yl]carbonyl]-lH-indol-5-yn-2-bcnzofurancarboxamide (Cpd #13); 

(S)-N-[24(lKchloromethyl)-l,6^ihydro-8-methyl-5-UlI4-I2-((hydra2inocarbonyl)eA 
phenyl]amino]carbonyl]oxy]benzo[l,2-b:4,3-b'Jdipyrrol-3(2H)-yl]carbonyll-lH-indol-5-yl]-2- 
Benzoftirancarboxamide, monohydrochloride (Cpd #14); 

35 (S)-[[(2•It^(chloromethyl)•1.6Hlihyd^o-54lydroxy-8-methylben2o[U2-b:4,3^)•^^^^ 
3(2H)-yllcarbonyl].lH-indol-5-yllammolcarbonyl]-5-[2-[(2-U(l,^ 
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hydrazux>]carbonyI]ethyl]-2-Benzofuran (Cpd #15); 

(S)-ll[2-lll.(chloromethyl)-l,Wihydro-54iy(iroxy-8-methylben2o[l,2-b:4,3-b*]dipyrTol- 
3(2H>ylJcarbonylJ-lH-iiidol-5-yIJamiiioJcarbonyl-5-(2-(hydrazioocarbo 
monohydrochloride (Cpd il6); 

(7bR)-N-(2-H4A8,8a-tetrahydio.7HBedjyl-4^)«)cydopropa[cIpyrrolo(3,^ 
carbonyl]-IH-iiidd-5-yl]amiiiocarbonyIJ-5^2-[[2-[(l.WlmethyIethyl)^^ 
catbonyl]ediyI-2-beiizofuran (Qpd #17); 

(S)-It[-2(Il.(chloromcthyl)-l,Mihydro-5^ydroxy-8Mnedjylbeiw)[1.24>:4,3*^^^^^^ 
3(2H)-ylIcarboiiylhlH-liidol-5-yl]amiiiolcarbonylJ-5.[24[2-(I(l.lKl 
hydrazino]carbonyl]etbyI-2-beiizofuran 3.6,9-trioxadecanoic acid ester (Cpd #18); 

(S)-n(-2I[l-(chIoromethyl)-1.6^ihydro-5-hydroxy-8-methyIbeitto(l,2-b:4,3+'Jdipym)l- 
3(2H)-yl]carbonyl]-lH-indol-5-yllamino]carbonyIh5-I2Hhydrazii»)carbonylleA^^^ 
3,6,9-trioxadecanoic acid ester (Cpd #19); 

(S)-I[[-2ai-(chloromethyi)-l,6Hliliydro-5*ydroxy-8-methylbenzo[I,2-b:4,3-b']dipyrroi- 
3(2H)-yIJcait>onylhlH-iiHfc>I-5-yl]amiiioJcarbonylh5-(24[2fl(l,l^ 
zino]carbonyl]ediyl]-2-beiizofiiraii glutaric acid monoester (QkI #20); 

(S)-I(C-2I[l-(chIoromethyl)-l.MihydK>-5*ydroxy-8-n>etliylbeii2oI^ 
3(2H>yIJcarbonyI]-lH-iiuIol-5-ylJainiiio]caiboivl>^ 

zino)carbony!]ethyI]-2-beuzofiiran ester of N-[2-hydtoxy.l,l-bis(hydroxymethyl) ediyllglutaramic 
acid (Cpd #21); 

(S)-n[-2[(l-(chloromethyI)-l,6Klibydro-5-hydroxy-8-inethylben20[l,2-b:4.3-b'ldipynoI- • 
3(2H)-yI)carbonyIJ-lH-indoI-5-ylJaminolcarbonyll-5-[2-(hydraziiK))carbonyl]etliyI.2*^ 
ester of N-I2-hydroxy-l,l-bis(hydroxymahyI)ethyI]glutarainic acid (Cpd #22); 

(S)-l[(-2tCl-(chloromethyl)-l,6<lil»ydro-5-hydroxy-8-roetliylbenK)[l,2-b:4,3-b')dipyrrol- 
3(2H).yIJcaiboiiyI]4H-indol-5-yl]aminolcaibonyW^^ 

2iiio]carbony!lethylh2-benzofurangliitaricacidinoiioesteriiionoamW 
disulfonic acid disodium salt (Cpd #23); and 

(S)-I([-2l(l-(chloromethyl)-l,Mihydro-5*ydroxy-8-methylben2otl,2-b:4,3*']dip^^^ 
3(2H)-ylJcarbonyll-lH-indoI-5-ylJaminolcaibonyl]-5-P-(hydraziiK»)carbon^ 
glutaric acid monoester mono amide of 7-amino-iiaphthaIene-l,3-dUnlfonic acid disodiiun salt (Cpd 
#24). 

An embodiment of the subject invention are compounds of Formula I, wherein W is 
methyl; Z is hydrogen; X is halogen (most preferably a chloro atom); and Q is V and Y' is 
selected fitom -C(0)Rio. -SOjRio. -C(0)NR,2R,3; R,o and R,, are selected from -(phenyl 
optionally substituted one or two €,-€4 alkyl. Cj^Tj alkoxy, halo. Cj-C, alkylthio. 
trifluoiofflethyl, Cj-Cj dialkylamino. or niiro)(CH2)i,R5o wherein n is lero. one or two. and R50 
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is-COjH, -CH2NH2, -SH. -C(R^(R^i)SH, -NHC(OHCH2)ni-C(Reo)(R<ii)-SH, -C(0)NHNH2. 

-CHjOH, -C(R6o)(R6l)C(0)NHNH2, -N(Re2)(CH2)„jC(R6o)(R6i)C(0)NHNH2. 

-0(CH2)n2C(R^(R^l)C(O)NHNH2; wherein is 1-3; 02 is 0-2; R^. R^i and R52. being the 

same or different, are H» methyl or ethyl; R|2 is hydrogen; and 
5 R|5 is (aa) (see General Formulae Chart) wherein X|o is -NH- or -0-; X5 and being 

the same or difTerent are hydrogen, OCH3, NO2, NHC(0)CH3, halo, C1-C4 alkyl, C1-C3 alkoxy 

or C2-C5 dialkylamino. 

A preferred embodiment of die subject invention are compounds of Formula I, wherein W 

is methyl; Z is hydrogen; X is halogen (most preferably a chloro atom); and Q is Y* and Y* is 
10 seleaed from -C(0)Rio, -SC)2Rio. -C(0)NRi2Ri3; Rio and R13 are selected from -(phenyl 

optionally substituted one or two C1-C4 alkyl, C1-C3 alkoxy, halo, C1-C3 alkylthio, 

trifluoromethyl, C2-C5 dialkylamino, or nitro)(CH2)nR5() wherein n is zero, one or two, and R5Q 

is-C02H, -CH2NH2. -SH, -C(R^(R<ii)SH, -NHC(0)-(CH2)ai-C(R^(R^iVSH, -C(0)NHNH2. 

-CH2OH, .C(R6o)(R6i)C(0)NHNH2, -N(R62)(CH2)niC(R6o)(R6l)C(0)-NHNH2, 
15 -0(CH2)n2C(R^(R^i)C(O)NHNH2; wherein nj is 1-3; nj is 0-2; R^q, R^j and R^2» being the 

same or difTerent, are H, methyl or ethyl; R|2 Is hydrogen; and 

Rl5 is (aa) (see General Formulae (Start) wherein X^q is -NH- or -O-; X5 and X^ are 

hydrogen. 

Another embodiment of the subject invention are compounds of Formula I, wherein W is 

20 methyl; Z is hydrogen; X is halogen (most preferably a chloro atom); and Q is Y* and Y' is 
selected from -C(0)Rio, -SO2R10. -C(0)NRi2Ri3; Rio and R13 are selected from -(phenyl 
optionally substituted one or two C1-C4 alkyl, C1-C3 alkoxy, halo, C1-C3 alkylthio, 
trifluoromethyl, (^-€5 dialkylamino, or nitro)(CH2)QR5o wherein n is zero, one or two, and R^q 
is N-hydroxysuccimidyl or maleimide; R12 b hydrogen; and 

2S R^ Is (aa) (see General Formulae CbM) whmln X|o is *NH- or -0-; X5 and X^, being 

the same or differrat are hydrogen, CX3I3, NO2, NHC(0)(3l3, halo, C1-C4 alkyl, C1-C3 alkoxy 
or Cj-C^ dialkylamino. 

Another embodiment of the subject Invention are compounds of Formula 1 wherein W is 
methyl; Z is hydrogen; X is halogen; and Q is Y' and Y* is selected from -C(0)NRi2Ri3, 

30 -C(0)Rio, -SO2R10. -C(0)NRi2Ri3; R12 is hydrogen, Rio and R13 arc selected from -(phenyl 
optionally substituted with one or two C1-C4 alkyl, Cj-C^ alkoxy, halo, Ci-C3 alkylthio, 
trifluoromethyl, C2-C5 dialkylamino, or nitro)(CH2)nR5o; n is zero or one; R50 is -B-M- 
(CH2)n3R52 wherein R52 is -NH2. -C(0)NHNH2» -COjH, or -SH; and R15 is (aa) (see General 
Formulae Chart) wherein Xjq is -NH- or -0-; X5 and X^, being the same or different are 

35 hydrogen, GCH3, NO2, NHC(0)CH3, halo, C1-C4 alkyl, C1-C3 alkoxy or C2-C5 dialkylamino. 

Another embodiment of the subject invention are compounds of Formula I wherein W is 
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methyl; Z is hydrogen; X is halogen (most preferably a chloro atom); and Q U Y and Y is selected 
from hydrogen. -C(0)R. -SO2R,. -CCONRjRj; Rj is hydrogen. R and R, and Rj (being the same 
or different) arc selected from phenyl optionally substituted with one to three Ci-C^ alkyl. Ci-Cj 
alkoxy, halo, Cj-Cj. alkylthio. trifluoromethyl. Cz-C^ dialkylamino. or nitro; and R',, is selected 
5 from (dd), (ddd), (dddd), (ee) or (eee) wherein n is ^6; X,o is -NH- or -0-; Xj and Xg are 
independently H, OH, NOj, NHC{0)CH3. halo, C1-C4 alkyl, C1-C3 alkoxy or Cj-Cg 
dialkylamino; and Rjq is selected from either i) N-hydroxysuccimidyl or maleimidyl; ii) -B-M- 
(CH2)n3Rs2 wherein Rs2 is -NHj. -CCONHNHj, -COjH.or-SH; or iii)-C02H, -CHjNHj. -SH, 
-C(R6o)(R6i)SH. -NHC(0)-(CH2).,-C(Rgo)(R6,)-SH. -CCONHNHj. -CHzOH, 
10 -C(R<io)(R6i)C(0)NHNH2. -N(R„)(CH2).,C(Rgo)(R6,)C(0)-NHNH2. 
-0(CH2)n2C(R«,)(R6i)C(0)NHNH2; wherein n, is 1-3; n2 is 0-2; and R«,. R« and ^^2- «»ing 
the same or different, are H, methyl or ethyl. 

Another preferred embodiment of the subject invention are compounds of Formula 1 
wherein W is methyl; Z is hydrogen; X is halogen (most preferably a chloro atom); and Q is Y 
15 and Y b selected from hydrogen. -C{0)R, -SOjRj. -C(0)NR2R3; R3 is hydrogen, R and R, and 
R2 (being the same or different) are selected from phenyl optionally substituted with one to three 
C1-C4 alkyl, C1-C3 allroxy, halo, Cj-Cj, alkylthio, triflnoromethyl, Cj-Ce dialkylamino, or nitro; 
and R*,s b selected from (dd), (ddd), (dddd), (ee) or (eee) wherein n is 04; X,o b -NH- or -0-; 
X5 and Xg are both hydrogen; and R50 b selected from either 0 N*ydroxysuccimidyl or 
20 maleimidyl; ii) -B-M-(CH2)n3Rs2 wherein R52 b -NH2. -C(0)NHNH2, -CO2H. or -SH; or iii) 
-CO2H. -CH2NH2. -SH. -C(R«,)(R6i)SH. -NHC(0)-(CH2)„,-C(R(5o)(R^,)-SH, -C(0)NHNH2. 
-CH2OH. -C(R6o)(R6i)C(0)NHNH2. -N(R62)(CH2)„,C(R6o)(R«)C(0)-NHNH2, 
-0(CH2)n2C(R«))(R<ji)C(0)NHNH2; wherein n, b 1-3; n2 b 0-2; and R^,, R«, and R^2' being 
the same or different, are H, methyl or ethyl. 
25 Another onbodiment of the subject invention are compounds of Formula n wherein W b 

methyl; Z b hydrogen; and R'u b selected from (dd), (ddd). (dddd), (ee) or (eee) wherein n b 
0-6; X|o b -NH- or -0-; X5 and Xg are Indq^endy H, OH, NO2, NHC(0)CH3, halo. C1-C4 
alkyl, C,-C3 alkoxy or C2-C6 dialkylamino; and R50 b preferably -COjH. -CHjNHj. -SH. 
-C(R<io)(R6i)SH, -NHC(0)-(CH2)bi-C(R6o)(R6i)-SH, .C(0)NHNH2, -CH2OH, 
30 -C(R6o)(R6i)C(0)NHNH2, -N(R62)(CH2)„,C(R6o)(R«,)C(0)-NHNH2. 
-0(CH2)n2C(Rgo)(R6.)C(0)NHNH2; wherein n, b 1-3; n2 b 0-2; H^, Kg, and R62. being the 
same or different, are H, methyl or ethyl. 

A preferred embodiment of the subject invention are compounds of Formula II wherein W 
b methyl; Z b hydrogen; and R',5 b selected from (dd), (ddd), (dddd), (ee) or (eee) wherein n 
35 b 0-6; X^q b -NH- or -0-; X5 and Xg are both hydrogen; and R50 b preferably -CO2H, 
-CH2NH2,-SH,-C(R«,)(R6i)SH, -NHC(OHCH2)„i-C(Rgo)(Rg,)-SH.-C(0)NHNH2, -CH2OH, 
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-C(R60)(R6l)C(O)NHNH2^ -N(R62)(CH2)niC(R6o)(R6i)C(0)-NHNH2. -0(CH2)o2C(0)NHNH2; 
wherein is 1-3; n2 is 0-2; R^, R^j and R^2» ^^'^E different, are methyl or 

ethyl. 

Another embodiment of the subject invention are compounds of Formula II wherein W is 

S methyl; Z is hydrogen; and R*j5 is (dd); X|q is -NH- or -0-; X5 and X5 are independently H, 
OH, NO2, NHC(0)CH3, halo, C1-C4 alkyl, C1-C3 alkoxy or C2-C5 dtalkylamino; and R50 is 
preferably -CO2H, -CH2NH2, -SH, -CaW(R6i)SH, -NHC{OHCH2)nj-C(R<io)(R6i)-SH, 
-C(0)NHNH2, -CH2OH. -C(R6o)(R6l)C(0)NHNH2. •N(R<j2)(CH2)niC(R^(R6i)C(0>NHNH2, 
-0(CH2)n2C(R6o(^l)C(0)NHNH2; wherem n^ is 1-3; 02 is 0-2; R^, R^j and Rg2» ^^^^i 

10 same or different, are H, methyl or ethyl. 

A preferred embodiment of the subject invention are compounds of Formula 11 wherein W 
is methyl; Z is hydrogen; and R'15 is (dd) wherein n is 0<; Xjq is -NH- or -0-; X5 and X^ are 
both hydrogen; and R50 is preferably i) .CO2H, -CH2NH2, -SH, -C(R^(R^i)SH, -NHC(0)- 
(CH2)nrC(R60)(^^6l)-SH, -C(0)NHNH2, -CHjOH, -C(R5o)(R6l)C(0)NHNH2, 

15 -N(R62){CH2)nlC(R60)(R6l)C(O)-NHNH2, -0(CH2)n2C(R6o)(R6l)C(0)NHNH2; wherein nj is 
1-3; n2 is 0-2; R^q, R^j and R^2> ^^'"S different, are H, methyl or ethyl; or ii) N- 

hydroxysuccimidyl or maleimide. 

Another embodiment of the subject invention are compounds of Formula I wherein Y is 
selected from hydrogen, -C(0)R, -C(S)R, -C(0)0Ri, -SiO}^^^, -C(0)NR2l^3. -C(S)NR2R3, 

20 -C(0)NHS02R4, -C(0)CH2(OCH2CH2)n70(Ci-C3 alkyl) and n7 is 0-5 (preferably 2 or 3), or 
-C(0)(CH2)n8C(0)Ri, where n8 is 0-10 preferably 2, 3 or 4) and Rj, is selected from -OH (or a 
metal or amine salt thereof), -OR^ where R^. is -CH2C(CH20H)3 or R7Q, and -N(R^j) R^ where 
Rj is hydrogen or C1-C4 alkyl. and R^ is sdected from -C(CH20H)3, -CH2C(CH20H)3, 
-CH2C(CH2NH2)3, R70, R71 or R72 where n9 is 1 or 2 and nlO b 1-3. 

25 Examples of preferred compounds include the relativdy more water soluble compounds 

of Formula I include those where Y is 3,6,9-trioxadecanoyl, N-I2-hydroxy-l,l- 
bis(hydroxymethyl)ethyllglutaramyl or 7-glutaramyl-naphthalene-l,3-disulfonic acid salts. See for 
example, compounds 18, 19 and 21-24. 

The compounds of Formula I and 11 are readily prepared by reacting the appropriate 

30 spirocyclopropylcyclohexadienyl analog (Formula II) with the Y*-X reagent or with H-X and then 
acylating with Y-X* where X* is an active leaving group, for example halide, azide, sulfonate, and 
the like. The starting spirocyclopropylcyclohexadienyl analog (Formula II) is dissolved in an inert 
solvent such as methylene chloride, tetrahydrofuran (TOF), N,N-dimethylformamide (DMF, 
DMFA), dimethylacetamide (DKfA), pyridine, dioxane, N-methylpyrrolidone and the like. The 

35 resultant solution is treated with the reagent Y*-X and the solution stirred at ambient temperature 
until thin layer chromatography (TLC) shows the reaction to be complete (normally for reactive 
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acyl halides in a few minutes but for weak acids or acylating agents a few hours or days may be 
required. For very reaaive reagents the temperature may be lowered to -20*C or less and for 
relatively unreartive addents the temperature may be raised to 80T or higher depending upon the 
solvent). When the reaction is complete, the solution is diluted with an appropriate solvent 
5 (methylene chloride, ethyl accute. ether, THF (with brine), and the like. TTie organic layer is 
extracted with a mOd base such as sodium or potassium bicarbonate, washed with water, dried by 
a suitable drying agent such as anhydrous magnesium sul&e or anhydrous sodium sulfote. Filtra- 
tion of the drying agent and evaporation of the solvent leaves the desired product which may be 
used as such or purified by crystallization or chromatography by methods well know to those 
10 skilled in the art. 
Example 1 

Prq)aration of (S)-2-[[[2-nHchloromethyl)-l,Wihydro-54iydroxy.8-methyIben2o[l,2^ 
b:4,3-b'Jdipyrrol-3(2H)-ylJcarbonyl]-lH-indol-5-ylJamino]carbonylJ-2*e^ 
acid phenylmethyl ester (Cpd #1); 

15 Part A. Pr^aration of ben20fiiran.2,5-dicarboxyIic acid bis-(phenylmethyl) ester (Formula B, 

General Formulae Chart). 

A 2.48g (12mmole) quantity ben2ofuran-2,5Hiicarboxylic acid (Formula A: General 

Formulae Chart) is stirred at room temperature 25*Q under nitrogen in 2(hnl dimethyl 

acetamide. To this is added 1.29ml (12mmoles) benzyl alcohol, 17{hngdimetfiylaminopyrid!neand 
10 2.49g l-ethyl-3-(3-dim«hylaminopropyl)carbodiunide. TTie reaction is left to react fcr 24 hours, 

when TLC shows some starting material left, some bis ester but mostly a mono estw-mono acid. 
The reaction mixture is partitioned between ethyl acetete- water. The layers are separated 

and the aqueous layer reextracted with ethyl acetate. The organic layers are combined, dried over 

sodium sulfate and evaporated under vacuum. 
K TTie crude product is redissolved in ethyl acetate and the solution evaporated under vacuum 

onto 40 g of silica gd. His as added to the top of a 400 g sUica gel column and eluted with 15% 

^yl acetate, 83% hexane, 2 % acetic acid. A forerun of 400 mL is collected followed by 50 mL 

fractions. TTie desired bis benzyl ester elutes in fractions 24-43. Evaporation of these fractions 

leaves 308 mg of benzoforan 2,5^icaiboxylic acid bis benzyl ester. 
W TLC: Silic gel: Uv visualization; 15% ediyl acetate, 85% hexane, 2% acetic acid; Rf 0.54. 

Mass Spectrum: M+H and M at 387 and 386 re^ectively. CHher fragment ions at 279 

and 91. 

NMR(CDCl3, TMS) 6 5.39 (S, 2H); 5.43 (s, 2H); 7.30-7.53 (m, lOH); 7.57-7.69 (d+s, 
2H); 8.16-8.25 (dd. IH); 8.45 and 8.46 (d, IH). 
15 The elution is continued with 25% ethyl acetate, 73% hexane, 2% acetic acid. The 

benzofuran 2,5HBcarboxylic acid 2-phenylmediyl ester is isolated by evaporation of fractions 56- 
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208 (1.53 g). 

TLC: Silic gel: Uv visualization; 15% ethyl acetate, 85% hexane, 2% acetic acid; Rf 0.36. 

NMR(CDCl3, TMS): 6 2.7-3.2 (bs, IH); 5.45 (s, 2H); 7.3-7.5 (m, 3H); 7.5-7.6 (m, 2H); 
7.75 and 7.78 (d, IH); 7.85 (d, IH); 8.17-8.23 (dd, IH); 8.53 (d, IH). 
5 Resubmission of tbe above benzofuran-2,5-dicarboxylic acid 2-phenyl methyl ester to the 

esteriflcation conditions of part A gives the benzoiiiran 2»S-dicarboxylic acid bis phenylmethyl ester 
in 80% yield. 

Part B: Pr^aration of the benzofuran*2»5-dicarboxyKc acid S-phenylmethyl ester (Formula C» 

General Fonnulae Chan). 
10 A l.llg (2.87mmole) quantity of the bis benzyl ester (Part A; Formula B), is dissolved 

with stirring at room temperature (-25*'C) under nitrogen in 20ml THF- 5ml DMF. To this 

added two 2.5ml batches of IN NaOH» following die reaction by TLC to make sure the reaction 

is stopped at the mono ester stage. 

After 45 minutes reaction time 6ml IN HCI is added. The reaction is partitioned between 
15 ethyl acetate - brbe. The layers are sq^arated and die aqueous layer reextracted with ethyl acetate. 

The organic layers are combined, dried over sodium sulfate and evaporated^ using high vacuum 

at die end. 

The crude produa is coated on lOg silica gd and chromatographed over lOOg silica gel. 
Elute widi 700ml 30% ^yl acetate- 2% acetic acid- 68% he^sane, followed by 800ml 40% ediyl 
20 acetate- 2% acetic acid- 58% hexane. Fractions of 20ml are collected* analyzing them by TLC. 
The product is found in fractions 28-54, which upon combining and evaporating leaves 87(hng 
solid, 94% yield. 

TLC: silica gel; UV visualization; 15% ediyl aceute- 85% hexane- 2% acetic acid; Rf: 

0.08 

25 Mass spectrum: Major ions at 296, 278, 251, 189, 91. 

NMR(dg-acctone, TMS): < 5.42 (s, 2H); 7.3-7.5 (m, 3H); 7.5-7.6 (m, 2H); 7.75 and 7.78 
(d, IH); 7.8 (d, IH); 8.19-8.25 (dd, IH); 8.54 (d, IH). 
Part C: Preparation of the anude of Formula E (General Formulae C!hart). 

A 40mg (0.13nunole) quantity of the amine of Fonnuta D (General Formulae Chart) is 
30 sttned at room temperature ("-25**C) in the dark and under nitrogen m 1ml DMF. To this 
solution is added 39mg (O.nmmole) of the acid (Formula Q and 27mg l-^yl-3-{3-dimethyl- 
aminopropyl)carbodiiniide. The reaction starts out as two phases but ev^ything dissolves during 
the 17 hour reaction time. 

After the given reaction time the reaction mixture is partitioned between ethyl acetate- 
35 water. The layers are separated and the aqueous layer reextracted with ethyl acetate. The organic 
layers are combined, dried over sodium sulfate and evaporated under vacuum. 
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The crude product is coated on Ig silica gel and chromatographed over 9g silica get. Hie 
column is eluted with the following amounts of ethyl aceute-hexane: 80ml 30-70, 40ml 40^ 
60ml 50-50, 20ml 60^0. 20ml 70-30, 20ml 80-20, 20ml 90-10, and 100ml pure ethyl acetate, the 
product dragging off due to insolubility. Fractions of 2ml are collected, analyzing them by TLC. 
5 Product is found in fractions 26-1 10, which upon combining and evaporating under vacuum leave 
68mg (89% yield) solid. 

Mass spectrum: M+H at 585, 587, 589; otfier major tons at 279, 91. 

TLC: silica gel; UV visualization; 30% ethyl acetate- 70% hexane; Rf: 0.59 

NMR(d5-DMS0. TMS): 6 5.19 (s. 2H); 5.41 (s, 2H); 7.3-7.6 (m, 7H); 7.66-7.74 (d, 
10 IH); 7.83-7.90 (d, IH); 7.90 (s. IH); 8.10-8.17 (d, IK); 8.23 (s, IH); 8.54 (s. IH); 10.65 (s, 
IH); 12.17 (s, IH). 

Part D: Hydrolysis of the trichloroethyl ester (Formula E, Part C). 

A 50mg (0.085mmole) quantity of the trichloroethyl ester (Formula E, General Formulae 
Chart) is stirred at 60 C under nitrogen in 10ml acetic acid. To this partially solubilized mixture 
15 is added 75mg zinc. After a few minutes most of the solids dissolve and then a new solid forms. 
The reaction is left to react for one hour at 60'C and then cooled to room temperature (-25'C), 
diluted with DMF and filtered. The solid is washed with DMF, combining fUtrate and wash and 
evirating under hi^^i vacuum. 

The above crude product is coated on 500mg silica gel and chromatographed over 5g silica 
20 gd. The column is eluted with 30ml 10%DMF- 90% toluene- 2% acetic acid and 50ml of 20-80-2 
of the same solvents. Fractions of 2ml are collected, analyzing them by TLC. Fractions 12-30 
contained the major product (Formula F. General Formulae Qart) and are combined and 
evaporated under vacuum. This leaves 25mg solid, 67% yield. 

Mass spectrum: M+Na at 477; M+H at 455; other major ion at 279. 
25 TLC: silica gel; UV visualization; 10% DMF- 90% toluene- 2% ac^c acid; Rf: 0.16. 

NMR: dg-DMSO, TMS: 6 5.41 (s, 2H); 7.10 (s, IH); 7.3-7.7 (m. 7H); 7.85 and 7,88 
(d, IH); 7.89 (s, IH); 8.12 and 8.15 (d. IH); 8.17 (s, IH); 8.54 (s, IH); 10.58 (s, IH); 11.77 
(s. IH); 12.6-13.1 0)s, IH). 

Part E: Preparation of (S)-2.a[[2.IIl-(chloromethyl)-l,6^lihydro-5-hydroxy-8-methylbenzo[ 
30 b:4.3-b*)dipyrrol-3(2H)-yl]carbonyll.lH-indol-5.ylJamlno]carbonyl]-2-ben2of^ 
acid pheaylmethyl ester (Cpd #l). 

A 56mg (O.nmmole) quantity. (S)-l-(chIoromediyI)-l,6-dihydro-5- hydroxy-8-methyl- 
benzoIl,2b:4,3-b*]dipyrrole-3(2H)H:arboxylic acid l,I^im«hyl ester (BOC chlorophenol), is 
stirred at room temperanire (~25T) in the dark and under nitrogen for one hour in 2ml ethyl 
35 acetate and 3ml ethyl acetate saturated with gaseous HCI. Silica gel TLC in 30% ethyl ac«ate- 
70% hexane shows all of the starting material spot is replaced by a spot at die origin. The solvrat 
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is then evaporated under vacuum, and then methylene chloride is added to the residue which is 
reevaporated under vacuum. 

The resultant solid residue is dissolved in l.Smi dimethylacetamide. To this solution is 
added 77mg (0,17mmoles) of the acid (Formula F) and 32mg (0.17nunoles) l-ethyl-3-(3- 
5 dimethylaminopropyl>carbodiimide (EDC). Hie solution is left to reaa for one hour, after which 
is added 2Qmg more acid and 8rog more EDC. Hie reaction is allowed to react fi)r 3 hours more. 

The reaction mixture is partitioned between brine- ethyl acetate- THE. Tlie layers are 
sq)arated and the aqueous layo^ reextracted with ethyl acetate. Hie organic layers are combhied, 
dried over sodium sulfate and evaporated. 
10 The crude product is coated on Ig silica gel and chromatogr^hed over lOg silica gel. The 

column is eluted with a gradient of 10% DMF- 90% toluene to 20% DMF- 80% toluene. 
Fractions of 2ml are collected^ analyzing them by TLC. The product is found in fractions 30-43, 
which upon combining and evaporating under high vacuum leave 84mg yellow solid, a 74% yield. 
TLC: silica gel; UV visualization; 10% DMF- 90% toluene; RF; 0.30 
15 UV(MeOH): 295nm (35,670); 340nm (24,900). 

Mass spectrum: M+H at 673, 675; M at 672, 674; oAer major ions at 437, 279, 237, 
236, 199, 187. 

NMR: d^-DMSO. TMS: 5 2.36 (s. 3H); 3.5-3.67 (t, IH); 3.83-3.95 (d, IH); 3.95-4.07 
(t. IH); 4.47-4.59 (d, IH); 4.59-4.74 (t, IH); 5.41 (s, 2H); 7.06 (s, IH); 7.16 (s, IH); 7.32-7.75 
20 (m, 8H); 7.86 and 7.89 (d, IH); 7.90 (s, IH); 8.12 and 8.15 (d, IH); 8.22 (s, IH); 8.54 (s, IH); 
9.82 (s, IH); 10.61 (s, IH); 10.75 (s, IH); 11.73 (s, IH). 
Example 2 

Prq)aration of (S)-2-[([2-[[l-(chloromediyl)-l,6Klihydro-5-hydroxy-8-methylbenzo[l,2- 
b:4,3-b')dipyrrol-3(2H)-yllcarbonyll-lH-indol-5-yl]aminolcarbottyIl-2*en2ofurM^ 
25 acid (Cpd #2); 

A lOmg (0.015mmole) quantity of (S)-2-[([[2-[[l-(chloromethyl)-l,6-dihydro-5-hydroxy-8- 
methylbenzo[l,2-b:4,3-b*]dipyrrol-3^H)-yl]carbonyl]-lH-indol-5-yllamino]carbo 
5-carboxylic acid phenylmethyl ester (Cpd #1) is stirred at room temperature (-^ IS^'Q in 0.3ml 
THF- 0.1ml MeOH in the dark. To this solution is added lOmg 10% palladhim on carbon and 

30 8mg anunonium formate. The mixture is heated to 50 C for 15 minutes, when TLC shows die 
reaction to be complete. 

The reaction is cooled to room temperature ( 25''C) and partitioned between ethyl acetate, 
1ml IN HCI- 2Sml water. The layers are sq)arated and the aqueous layer reextracted with ethyl 
acetate. The organic layers are combined, dried over sodium sulfate and evaporated under 

35 vacuum, leaving 8mg (S)-2-[([[2-[[l-(chloromethyl)-l,6^ihydro-5-hydroxy-8-methylbenzo[l,2- 
b:4,3-b']dipyrTol-3(2H>yl]carbonyl]-lH-indol-5-yl]amino]carbonyl]-2^)enzofu^ acid, 
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89% yield. 

NMR(d6-DMS0, TMS): 5 2.36 (s. 3H); 3.53-3.67 (in, IH); 3.86-3.97 (d, IH); 3.97AM 
(t. IH); 4.48-4.60 (d, IH); 4.604.75 (t, IH); 7.05 (s. IH); 7.15 (s. IH); 7.44-7.54 (s. IH); 7.56- 
7.64 (d,lH); n.65 (bs, IH); 7.78-7.87 (d, IH); 7.90 (s, IH); 8.0S-8.I3 (d, IH); 8.21 (s, IH); 
5 8.48 (s. IH); 9.83 (s, IH); 10.59 (s. IH); 10.75 (s, IH); 11.71 (s, IH); 12.6-13.3 (bs, IH). 
UV(MeOH): 340nin (21,860); 294iun (32,360). 

Mass spectram: M-^H at 583, 585; M a 582, 584. Other iocs at 347, 237, 236. 
TLC: sOica gd; UV visualization; 20« DMF- 80% lohiae- 2% acetic add; Rf: 0.44. 
Examnle 3 

10 Preparation of (S)-2-II(2-I(4,5,8,8netrahydn>-7-inethyl-4Kwocydopn)pa[c]pyrrol[3,2- 

c]indoI-2(lH)-yl)-carbonylhlH-indol-5-yI)anrino]carbon^I.2-bett»fiiran.5<arboxylic add (Cpd 
#3); 

A 61ing (O.Olnunole) quantity of (S)-2-{[[2-([l-(chloromeftyl)-l,6<Iiliydro-5-hydroxy-8- 
mediylbenzo[l,2-b:4,3-b'Idipyirol-3(2H)-ylJcarbonyl]-lH-indoI-5-y1]aniinoJcaibonyl]-24)^ 
15 5-carboxylic add (Cpd #2); is stirred at room temperature (~ 25'C) in tlie dark under oitrogoi m 
2.4nil acetonitrile, 1 .2ml triediylamine. 1.2ml water for 30 minutes, resulting in complete solution. 

The reaction mixture is partitioned between edi^ acetate- water. The organic layer is dried 
over sodhim sul^te and evaporated. InsufRdent material is recovered by dw above extraction. 
Tim, the aqueous layer is acidified with pH3 {Aosphate buffer and extracted twice widi a 50-50 
20 mature of ediyl acetate and freshly distilled THF. Hie organic layers are dried over sodmm 
sulfate, combined wiUi tiie first ethyl acetate extract and evaporated under vacuum. TTiis leaves 
53mg product (Cpd «), 93% yield. 

TLC: silica gd; UV visualiiation; 20% DMF- 80% toluene- 2% acetic add: Rf: 0.37. 

NMR(d6-DMSO, TMS): 5 1.42-1.52 (m, IH); 1.95-2.05 (m, IH); 2.05 (s. 3H); 3.15-3.30 
25 (m, IH); 4.45-*.55 (d, IH); 4.56^.67 (dd, IH); 6.77 ($, IH); 6.94 (s, IH); 7.27 (s, IH); 7.48- 
7.58 (d, IH); 7.64-7.75 (d. IH); 7.84-7.92 (d, IH); 7.93 (s, IH); 8.10-8.20 (d, IH); 8.28 (s, IH); 
8.52 (8, IH); 10.64 (s, IH); 11.60 (s, IH); 11.89 (s, IH). 

UV(MeOH): 356nm (19670); 309nm (26,230). 

Mass spectrum: M+H at 547; otiter ions at 347. 201 . Adding HQ gives an M+HCI+H 

30 at 583. 
Example 4 

Preparation of (S)-2-[[[I2-[II-(chloromedjyl)-I,6-dihydro-5*ydroxy-8-methylbenzoIl,2- 

b:4,3-b']dipyrrol-3(2H)-yllcarbonylJ-lH-indol-5-yl)amino]carbonylJ-lH-indoI-5-yl)-carbamic 
acid, I.I-dimediylediyl ester (Cpd #4); 

35 Part A: Preparation of Formula H (General Formulae Chart). 

A 0.5g C.45mmole) quantity of tiie amine (Formula G: General Formulae Chart), is 
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stirred at room temperature ( 25''C) in the dark under nitrogen in 5ml fresMy distilled THF. To 
this is added 610mg (2.45nunole) BCX:-ON and 350ul (2.45mmole) triethylamine. After 3 days 
at room temperature (-25*^C) the reaction is found by TLC to be essentially completed. 

The reaction is then partitioned between ethyl acetate, brine. The layers are sq)arated and 
5 the aqueous layer reextracted with ethyl acetate. The combined organic layers are dried over 
sodium sul&te and evaporated under vacuum. 

The crude product Is coated on IQg silica gel and chromatographed over 90g silica gel. 
The column is eluted with a gradient of 10% ethyl acetate- 90% hexane to 25% ethyl acetate- 75% 
hexane. Fractions of 15m] are collected* analyzing them by TLC. The produa is found in 
10 fractions 55-119 which upon combining and eva^rating under vacuum leaves 617mg solid, 
(Formula H), 83% yield. 

TLC: silica gel; UV visualization; 30% ethyl aceute* 70% hexane; Rf: 0.63. 

Mass spectrum: Major ions at 304, 248, 202, 158, 130, 102, 57. 

NMR(CDC13), TMS): 6 1.38-1.47 (t, 3H); 1.53 (s, 9H); 4.35-^.45 (q, 2H); 6.50 (s, IH); 
15 7.13-7.16 (d, IH); 7.18-7.24 (dd, IH); 7.30-7.38 (d, IH); 7.79 (s, IH); 8.85 0)S. IH). 
Part B: Hydrolysis of the ethyl ester O^ormula H). 

A 617mg 9.03mmole) quantity of the ethyl ester (Part A, Formula H) is stirred at room 
temperature (-^ 25*^0 under nitrogen in 10ml pyridine-lOml MeOH-lOml water-5ml IN NaOH, 
resulting In complete soluiiuu. The reaction Is followed by TLC and is found to be complete after 
20 20 hours. 

The reaction is then treated with 5ml IN HCI and evaporated under vacuum. The residue 
is partitioned between ethyl acetate- water- 3ml IN HCI. The layers are sq;)arated and the aqueous 
layer reextracted with ethyl acetate. The organic layers are combined, dried over sodium sulfate 
and evaporated under vacuum. This leaves 620mg solid (Formula J)» 100% yield. 
25 TLC: silica gel; UV visualization; 30% ediyl acetate- 70% hexane- 2% acetic acid; Rf: 

0.25. 

Mass spectrum: major ions at 276, 220, 202, 176, 158, 130. 

NMR(dg-DMSO. TMS): 5 1.50 (s. 9H); 7.13-7.17 (d, IH); 7.37-7.49 (m, 2H); 7.97 (s, 
IH); 8.31(bs, IH); 10.77 (bs, IH). 
30 Part C: Pr^aration of the ethyl ester (amide) (Formula L, General Formulae Chart). 

A 620mg (2.03mmoles) quantity of the acid (Part B: Formula J, General Formulae Chart), 
is stirred at room temperature (- 25*C) under nitrogen and in the dark with 4ml dry DMF, giving 
a complete solution. To this is added 4l5mg (2.03mmoles) amine and 390mg l-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide. After 5 days the reaction mixture is partitioned between ethyl 
35 acetate- water. The layers are separated and the aqueous layer reextracted with ethyl acetate. The 
organic layers are combined^ dried over sodium sulfate and evaporated under vacuum. 
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The crude product is coated on lOg sUica gel and cbioniatographed over 9Qg sOica gel. 
n«e column is eluted with 10% DMF- 90« toluene. Fractions of 20ml are collected, analyzing 
them by TLC. Fractions 24-53 conUined the product and are combined and evapoi^ed under 
vacuum. Uiis leaves 890rag solid (Formula L), 95 K yield. 

TLC: silica gd; UV visualization; 10% DMF- 90% toluene; Rf: 0.45. 

Mass spectrum: major ions at 539. 463, 462. 407. 406, 259. 204. 203. 159. 158, 57. 

NMR(dfi-DMSO. TMS): i 1.3-1.4 (t. 3H); 1.49 (s. 9H); 4.3^.4 (q. 2H); 7.16 (s, IH); 
7.2(K7.27 (d. IH); 7.28-7.38 (m. 2H); 7.4-7.5 (d. IH): 7.55-7.64 (d. IH); 7.80 (s. IH); 8. 14 (s! 
IH): 9.17 (8. IH); 10.13 (s. IH); 11.58 (s, IH); 11.89 ($, IH). 
Part D: Hydrolysis of eth^ ester (Formula L). 

An 890mg (1 .92nmK)Ie) quantity of the ethyl ester (Part C. Fonnula L). is stirred at room 
temperature (-25»Q under nitrogen and in the dark in 10ml pyridine- 3ml IN NaOH. giving a 
complete solution. ITie reaction is followed by TLC and after 20 hours shows no starting material 
left. 

At this time 3ml IN HCI is added and the mixture evaporated under vacuum. He residue 
is partitioned between brine- 5ml IN HQ- freshly distiUed THF- ethyl acetate. n»e layers are 
separated and Ifae aqueous layer reextraeted with ethyl acetate. TTie organic layers are combined, 
dried over sodhim sulfite and evaporated under vacuum. 

The crude product Is coated on IQg sHica gel and chromatographed over 70g sCics gd. 
nie column is eluted with 500ml 20% DMF- 80% toluene-2% acetic acid, followed by 300ml 30^ 
70-2 and 40^2 of the same. A forerun of 100ml is collected, followed by 15ml fractions. The 
fractions are analyzed by TLC and product is found in fractions 30-52. Ilese are combined and 
evaporated under vacuum, leaving 930mg (Formula M), 100% yield. 

Mass spectrum: major ions at 435, 434, 379. 378, 361,177. 176, 159. 158. 57. 

TLC: sUica gel; UV vUuallration; 20% DMF- 80% toluene- 2% acetic acid; Rfi 0.35. 

NMR(d6-DMS0, TMS): 5 1.49 (s. 9H); 7.08 (s, IH); 7.18-7.27 (d. IH); 7.27-7.38 (m 
2H); 7.38-7.46 (d. IH); 7.5-7.6 (d. IH); 7.80 (s. IH); 7.95 (s, IH); 8.12 (s. IH); 9.16 (s. lH)i 
10.10 (s, IH); 11.58 (s. IH); 11.73 (s, IH). 

Part E: Preparation of (S)-2-tf(I2-[[l-(chloromethyl)-l,6Hlihydio-5-hydroxy-8-med»ylbenzo[I,2. 
b:4,3-bndipyrro^3(2H^ylIcari»nyl^lH-indol-5-ylJaminoJ«ubonyl^lH-W^^ ' 

acid. !.l-di!»?etbyle»»>yl ester (Cpd #4). 

A 120mg (0.36mmole) quantity of (S)-l-(chloromethyl)-1.6<lihydto-5-hydtoxy-8-methyl- 
benzo[l,2b:4,3-b'Jdipyrrole-3(2H)sarboxyIic acid M-dimethyl ester (BOC chlorophenol). is 
stirred for 1.5 hours at room temperature (~25»Q in the dark and under nitrogen in 4ml eibyl 
acetate- 6ml ethyl aceute samrated with gaseous HCI. TLC shows all of the starting material to 
have reacted a that time. TTic solvent is evaporated under vacuum. Methylene chloride is added 
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to the residue and die mixture reevaporated under vacuum. The residue is dissolved in 4ml 
dimethylacetaroide. 

A 1.7ml aliquot of the DMA solution (O.lSmmoles) is stirred at room temperature 
25 T) in the dark under nitrogen, and treated with 65mg (O.lSnunoles) acid (Part D: Formula 
5 M) and 28mg l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC). After 4S mimites an 
additional 16mg of acid and 7mg of EDC are added. 

After an additional 3 hrs the reaction mixture is partitioned between ethyl acetate- THF- 
brine. The layers are sqtarated and the aqueom layer ceextracted with THF- ethyl acetate. The 
organic layers are conibined» dried over sodium sulfate and evaporated under vacuum. 
10 The crude product is coated on Ig silica gel and chromatographed over lOg silica gel. Hie 

colunm is eluted with a gradient of 10% DMF- 90% toluene to 20% DMF- 80% toluene. 
Fractions of 2ml are collected, analyzing them by TLC. The product is found in firaaions 16-30, 
which upon combining and evirating under vacuum leaves 92mg solid, 94% yield. 
UV(MeOH): 298nm (35,920); 340nm (30,040). 
IS TLC: silica gel; UV visualization; 10% DMF- 90% toluene; Rf: 0.21. 

NMR(d^-DMSO, TMS): 6 1.50 (s, 9H); 2.08 (s, 3H); 3.54-3.66 (t, IH); 3.8S-3.9S (d, 
IH); 3.98-4.09 (t, IH); 4.5-4.6 (d. IH); 4.6-4.74 (t, IH); 7.06 (s, IH); 7.15 (s, IH); 7.20-7.29 
(d, IH); 7.3-7.4 (m, 2H); 7.45-7.53 (d, IH); 7.53-7.60 (d, IH); 7.67 (bs. IH); 7.83 (s. IH); 7.95 
(s, IH); 8.23 (s, IH); 9.17 (s, IH); 9.81 (s, IH); 10.15 (s. IH); 10.74 (s. IH); 11.63 (s, IH); 
20 11.69 (s,lH). 

Mass spectrum: M+H at 653, 655; M at 652, 654; other major ions at 729, 597, 361, 
237, 236, 159, 57. 
Example 5 

Preparation of (S)-N-[2-[Il-(chloromethyl)-l,6-dihydro-8-melhyl-5-[[[l4-[[[(l,l- 
25 dimethylediyl)oxy]carbonyl]aminomethyl]phenyl]amino]carbonylloxy]benzo[l,2-b:4,3-b*)-^ 
3QH)-yI]carbonyl]-lH-indoI-5-yl]-2-benzofurancarboxamide (Cpd #5). 
Part A: Pr^aration of Formula N (General Formulae Chart). 

A l.Og (5.3nunoles) quantity p-nitrobenzylamine hydrochloride Is stirred at room 
temperature (-25*'C) under nitrogen in 14ml freshly distilled THF in the dark. To this is added 
30 1.51ml triethylamine and i.32g BOC-ON. Hiis results in a mixture which does not completely 
dissolve in 24 hrs, so ISml more THF is added. The reaction still does not dissolve after another 
24 hrs stirring. 

At this point, the reaction mixture is partitioned between ethyl acetate -brine. The layers 
are separated and the aqueous layer reextracted widi ethyl acetate. The organic laym are 
35 combined, dried over sodium sulfate and evaporated under vacuum. 

The crude product is chromatographed over lOOg silica gd, duting with 20% ethyl acetate- 
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80% hexane. Fractions of ISml are collected, analyziog them by TLC. The ibilowiqg fractioos 
are combined and evaporated under vacuum: 

Fractions 33-44, desired product and side product 
Fractions 45-67, desired product 

Other TLC systems tried tot separatinf mixed fractions: 10% acetone- 90% hexane 
(worse); toluene (worse); methylene chloride (worse); 10% ethyl acetate- 90% toluene (similar). 

Fractfens 33-44 are flash duomatofraphed over lOOg sUica gel 60. eluting with 10% ethyl 
acetate- 90% toluene. A forerun of lOOml Is collected. Mowed by 20ml fractions. TLC analysis 
shows fractions 18-23 to be maed and fractions 24-42 to be pure product, the latter conbhied 
with pure product above. TTie mixed fractions are rechiomatographed over the same column, pure 
product being found in fractions 21-42. These are combined with pure product above to give a 
totalofl.28g, 95% yield. 

TLC: sUica gel; UV visualization; 10% ethyl acetate- 90% hexane; Rf: 0.10 
Mass spectrum: major ions at 252, 237, 197, 196, 179, 57. 
15 NMR(CDCI3), TMS): 6 1.50 (s. 9H); 4.35-1.48 (d, 2H); 5.01 (bs, IH); 7.43 and 7.46 

(d. 2H); 8.18 and 8.21 (d, 2H). 

Part B: PFq>aration of Formula 0 (General Formulae Oiatt). 

A 500mg (1.98ffimole) quantity of the nitro conqwund (Pan A: Formula P), is dissolved 
in 5ml freshly distilled TKF and 15ml absolute ethanol. The sohition is treated with 75mg 
platinum oxide and hydrogenated under pressure at room tenq>erature (-25«C0 for 2 hours. 

The reaction mixture is fUtmd and die catalyst waAed with more freshly distiUed THF. 
The filtrate and wash are combined and evaporated under vacuum, giving a solid in a 100% yidd. 
TLC: sUica gel; UV visualization; 20% ethyl acetate- 80% botane; Rfi 0.28. 
Mass spectrum: major ions at 222, 165, 121, 106, 77, 57. 
25 NMR(CDCI3), TMS): 6 1.45 (s. 9H); 3.5-3.8 (bs, 2H); 4.13-*.20 (d, 2H); 4.704.85 (bs, 

IH); 6.60^.65 (d. 2H); 7.03-7.10 (d, 2H). 

Part C: Preparation of (»-N-[2-IIl-(chloromethyl)-l,6<lihydro-8-methyl-5-(([(4-[(((l.l. 

dimelhylefliyl)oxy]carbonyl]amfaomediylIphenyIJaminolcarbonyIloxy]benzoll,24»:4,3-b*H 

3(2H)-ylJcaibonyI]-lH-indol-5-yl]-2-bena)furancarboxamide (Cpd 15). 
30 A 5ml quamhy 20% phosgene in toluene (1.93 molar. 9.6Smffloles) is stirred at room 

temperature (-25'C) under nitrogen. To this is added dropwise over one minute 47mg 

(0.21mmoles) amine (Part B: Formula 0) dissolved in 1ml ethyl acetate. After one hour reaction 

time the solvent is evaporated under vacuum. 

The resultant residue is stirred at room temperature (-25»0 under nitrogen with Iml 
35 freshly distilled THF. To this is added 57mg (0.105mmoles) (S)-N-[2-[(I-(chloroinediyl)-l,6- 

dihydro-5-hydroxy-8-meti.ylbenzo{l,2-b:4„3-b')dipyrrol-3(2H0-yl]carbonyl)-lH-indoI-5-ylJ-2- 
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beittofurancarboxamide (see U.S. Patent 4,912;227; incorporated herein by reference) dissolved 
in 1ml freshly distilled THF, following by the dropwise addition of 14ul triethylamine to the 
isocyanate-urea mixture during one minute. The reaction is heated to 65 C for 3 hours, and the 
reaction followed by TLC. lOul more trietbylamine is added and the heatmg continued for 2 hours 
S more. The reaction is then allowed to cool to room temperature (-^25^C) overnight followed by 
2 hrs more heatmg at fiS^'C. 

At this poUit the reaction is cooled to room temperature (--25''Q» filtered, and the solid 
washed with THF. The filtrate and wash are combined and evaporated under vacuum. The crude 
residue from evaporation is coated on Ig »lica gel and chronuttographed over 9g silica gd. The 
10 column is eluted widi 40% acetone- 60% hexane, followed by SO-SO of the same. Fractions of 2ml 
are collected, analyzing diero by TLC. The following fractions are combmed and evaporated: 

Fractions 35-42, desired product, 29mg 

Fractions 29-34 and 43-56, desired product plus impurities 

The mixed fractions are rechromatographed as above excq)t eluting with 10% DMF- 90% 
15 toluene. Produa (Cpd MS) is found in fractions 20-35, giving 28mg. This gives a total yield of 
57mg or 69% based on (S)-N-[2-[(l-{chloromethyI>-l,6-dihydro-5-hydroxy-8-methylbcnzoll,2- 
b:4,,3-b*]dipyrrol-3(2H0-yqcarbonyl]-lH-indol-S-yl]-2-benzofora 

TLC: silica gel; UV visualization; 50% acetone- 50% hexane; RF: 0.49. 
UV(MeOH): 320nm (31,490); 292nm (40,150). 
20 Mass spectrum: M at 787, 789; other major ions at 687, 670, 538, 303, 236, 200, 199. 

187, 145, 106, 57. 

NMRCd^DMSO, TMS): 5 1.40 (s, 9H); 2.42 (s, 3H); 3.70-3.82 (t. IH); 3.95-3.15 (m. 
3H); 4.13-4.24 (t, IH); 4.59-4.68 (d, IH); 4.70^.84 (t, IH); 7.17-7.25 (m, 4H); 7.30-7.44 (m, 
2H); 7.44-7.57 (m, 4H); 7.57-7.66 (d, IH); 7.73-7.78 (d, IH); 7.79 (s, IH); 7.81-7.87 (d, IH); 
25 7.91 (bs, IH); 8.23 (s, IH); 10.33 (s, IH); 10.50 (s, IH); 11.22 (s, IH); 11.74 (s, IH). 

Preparation of Formula P (General Formulae Chart). 

A 1.8Sg (lOmmoie) quantity of p-nitrobenzoyl chloride is stirred about 10 min at room 
temperature (- 2S'C) under nitrogen in 20mi pyridine. To the solution is then added 1 .08g benzyl 
30 alcohol and the resultant solution is left to react about 65 hrs. 

At thi« point water is added resulting in the precipitation of a white solid. The solid 
(Formula P) is collected by filtration, washed with water and dried under vacuum, giving 1.79g 
product, 70% yield. 

TLC: silica gel; UV visualization; 20% ethyl acetate- 80% hexane; Rf: 0.75 
35 NMR(CDC13, TMS): 5 5.41 (s, 2H); 7.31-7.50 (m, 5H); 8,20-8.34 (m, 4H). 

UV(EtOH): 217nm (9,780); 259nm (13,850). 
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IR (Mull): major peaks at 1713, 1523, 2925. 716, 1282, 2953, 745, 1348. 2855. 1123. 
695, 2869, 1104. 1323, 1381. 1455, 870, 1605, 1299. 851, 1363, 954, 3114. 787. 1023 cm*'. 

Mass spectrum: major ions at 257, 150, 91. 
Example 7 

5 Prq)araaon of Formula Q (General Formulae Chart), the amine. A 500ro« (1 .94mmoles) 

quantity of Formula P (Example 6), is dissolved in 5ml THF-15ml 95* ethanol. To thU is added 
75mg platinum oxide and the mixture hydrogenated under pressure at room temperature (~25»C) 
for 80 minutes. TLC shows no starting material but two more polar products, one moving off the 
origin only with acid presem in Uw devetopiqg solvent. 
10 nie catalyst is fOtered off, washing it with THF. The filtrate and wash are combined and 

evaporated under vacuum. TTje crude produrt is coated on 5g sQica gel and chronutograpbed over 
50g silica gel. The column is eluted with 30% ethyl acetate - 70% hexane untU the less polar 
product has come off. Then the solvent is switched to 40% ediyl aceute- 60% hexan&- 2% acetic 
acid. Fractions of 15ml are collected, analyzing them by TLC. Tbe following fractions are 
15 combined and evaporated under vacuum. 

Fractions 11-17, 287mg, 65% yield, desired product 
Fractions 33-47, 140nig, 53% yidd, side product 

TLC and NMR dau Indicate die side product to be p-amhw benzdc acid from 

hydrogenolysis of the benzyl ester. 
20 Reducing the hydrogenation time to 20 min. still shows all of the starting material gone 

as well as overhydrogenation and a 69% yield of desired produa. 

TLC: silica gel; UV visualization; 20% etfiyl acetate- 80% hexane; Rf: 0.27 
NMR(CDCI3), TMS): 6 4.06 (s, 2H); 5.31 (s, 2H); 6.M.7 (d, 2H); 7.3-7.6 (m. 5H); 

7.85-7.94 (d. 2H). 

25 IR(Mull): major peaks at 1282. 1 171, 3361, 1687, 3457, 1601, 1633, 1118, 2926, 131 1, 

1381, 2954, 1317, 1519, 730, 2855, 772, 1437. 2868, 1572. 694. 703. 847. 1453, 3225 cm"'. 
UV(EtOH): 215nm (12,400;) 223nm (9,000); 296nm (21,660). 

EsaaiclfiJ 

Preparation of 5-[(2-mercaptopropionyl)aminoJ-N-[2-(4,5,8,8a-tetrahydro-7-methyl-4. 

30 oxocyclopropaIclpyrroloI3,2-e)indol-2((lH)-yl)-lH-indol-5-ylMH-indole-2-carhoxamide, 
(Q>d #8). 

A 2 mg (.003mmole) quantity of (S)-2-(([(2-{[l-(chloromethyI)-l,6HJihydro-5-hydroxy-8- 
methylben2oIl,2-b:4,3-b']dipyrrol-3(2H>yl]carbonyl]-lH-indol-5-yl]amino]carbonyl].lH.indol-5- 
ylj-carbamic acid, l,l-<Iimethyleaiyl ester (Cpd #4, Example 4) is dissolved in the dark in lOOul 
35 trifluoroacetic acid. TLC after 5 min shows all of the starting material to have reacted. After 30 
min reaction time the sample is evaporated under a stream of nitrogen. 
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Ig Dowex 2-X8 anion exchange resin (50-100 mesh, chloride form, quaternary ammonium 
styrene type, 3.2 meg/dry frame capacity) is mixed with 10 ml IN HCl, filtered off and washed 
with deionized water until the pH of the effluent is 6. To this mixture is added 10 ml DMF, mixed 
well. The resultant mixture is allowed to sit for S min, then the solvent is removed by filtration 
5 under vacuum. The resin is placed in a small column. 

The evaporate residue from the above steps is dissolved in lOOuI DMF and applied to resin 
and eluted with S ml DMF to give the product (Compound JJ). 

TLC: reverse phase CIS, 80% DMF-20% water, UV visualization, Rf of starting material 
and product are 0.39 and 0.73 respectively. 
10 NMR(DMSO, TMS): 6 2.50, (s,3H); 3.54-3.65 (t, IH); 3.86-3.94 (d, IH); 3.96-4.08 (t, 

IH); 4.47-4.58 (d, IH); 4.59-4.73 (t, IH); 7.06 (s, IH); 7.11-7.23 (m, 2H); 7.43-7.53 (m, 2H); 
7.53-7.70 (m, 4H); 8.21 (s, IH); 9.80 (s. IH); 9.76^9.98 (bs, 2H); 10.30 (s, IH); 10.74 (s, IH); 
11.70(s, IH); 12.07 (s, IH). 
Part B: Preparation of thioacetate analog. 
15 A0.043mroolequanatyof(S)-5-amino-2-(I[2-I(l-(chloromediyl)-l,6^ihydro-5-hydroxy-8- 
mediylbenzo[l,2^):4,3-b']dq»yrid-3aH>yl]caibonylhlH-l^^^ (qpd 
JJ, Part A) is dissolved in 200 ul DMA in the dark with stirring under nitrogen. To this is added 
7 mg (0.047mmole) of S-ac^l-thioladic add (Chem. Ber. 1966, 99, 1523, 1528) and lOmg 
(0.053mmole) of EDC. Tlie mixture is left to react for 18 hrs and 3mg more of EDC is added. 
20 The reaction is stirred for an additional 5 hra. 

The reaction mixture is then coated on 500mg silica gel and chromatographed over 5mg 
silica gel, eluted with 20% DMF-80% toluene, to give 17mg solid, which by NMR appears to be 
a 1:1 mixture of product and starting acid. 

The impure product is diromatographed over 1.5g reverse phase C18 silica gel, and eluted 
25 with 70% DMF-30% water to give 8mg of product. 

NMR and HPLC of the produa shows an impurity (12%) which could be increased on 
treatment with acetonitrile-water-triethylamine and whidi shows die appearance of a new UV peak 
at 364nm, the impurity being the cyclopropyl compound, formed during the chromatography. 
TLC: UV visualization; reverse phase C18 silica gel, 75% DMF-25% water, Rf 0.44; 
30 regular silica gd, 20% DMF-80% toluene, Rf 0.38. 

HPLC: AltexUltrashere. 1.5ml/minute,295nm,55% acetonitrae^5% water- 0.1%TFA; 
two major peaks adding up to more than 95%, with the following retration times and percentages: 
3.49 minutes, 12.4%; 6.38 minutes, 87.6%. 
UV(MeOH): 324nm (35,047). 
35 Mass spectrum: M+H at 683,685; other ions at 705, 682, 669, 647, 447, 405, 187. 

Part C: Hydrolysis of thioacetate and cydopropyl ring closing of Part B. 
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A sample of Part B is stirred at RT in fte dark and under nitrogen in aceionitrile-water- 

trietljylaniine. TTje reaction mature is dUuted witli etiiyl acetate-water which has been purged with 

nitrogen and Iceeping everything under nitrogen the layers are separated, the organic layer dried 

over sodium sulfate and evaporated to yield 54(2-mercaptopropionyI)amlnol-N-I2-(4.5.8,8a- 

tetrahydro-7-methyl-4-oxocydopropa[cJpyrroloI3,2-eJindol-2((lH)-yI)-m-indol-5-ylJ-W^ 
carboxamide (Qxi #8). 

UV: Acetonltrae-water-triethylamine; 318 nm, 28,410; 364 nm; 22,860. 
Examplft Iff 

Preparation of (S)-N-I2-[Il-(chIoromethyl).1.6-dihydro.8-methyl-5-[I[(4- 

tl(phenylmethyl)oxy]caibonyljphenyllamino]carbonyl]oxyjbenroll,2*:4,3-b'ldipym>1.3^ 
yI]carbonyl]-lH-indoI-5-yl]-2-benzoiurancarboxamide (C^ #10). 

A 5ml solution of phosgene (20% in toluene. 1.93 molar, 9.6Sfflnioles) is stirred at room 
temperature (~25»0 under nitrogen. To this is added slowly from a syringe 48mg (0.21nmiole8) 
of the compound of Formula S (General Formulae Qait) dissolves m Iml EtOAc. Some solid is 
formed at first which dissolves during the one hour reaction time. The reaction is then evaporated 
under vacuum, hi^ vacuum dt end. 

The residue is sdtied at room temperamre (-25»C) under nitrogen in 1ml freshly distUled 
THF. To this is added slowly from a syrmge 57mg (0.105 mmoles) (S).N-t2-((l-(chloromethyl> 
l.6^ihydio-5*ydroxy.8-methylbenzoI1.2*:4,,3-b-Idipyrio|.3(2H>yl]cart<«yq^ 
20 benzofiirancarboxamide (see US Patent 4.912.227, ttart IV), hi 1ml freshly distilled TOT and 
14ul triethylamme. THe reaction mixture is heated to 6S«C for 2.5 houn when TLC shows die 
reaction to be complete. 

The reaction mixture is cooled to room temperature (~25»Q, coated on Ig sOica gel and 
chromatographed over 9g sUica gel. Elute whh a gradient of 40« acetone- 60% hexane to 50% 
acetone- 50% hexane. Fractions of 2ml are collected, analyzing them by TLC. The product is 
found m fractions 17-45. which upon combinuig and evaporating leave 68mg, 82% yield based on 
(S)-N-[2-[Il-(chlotomediyl)-l,6Klihydro-5*ydroxy-84netf»ylbenzo[l,2-b:4,,3^>*Jd 
carbonyl]-lH-indol-5-ylJ-2-benrofurancaiboxamide (see US Patent 4,912,227. Chart IV). 
TLC: UV visualization: silica gel; 40% acetone- 60% hexane; Rf: 0.42 
30 UV(MeOH): 285nm (46,740); sh 325nm po,100). 

NMF(d<;-nMSO, TMS): j 2.43 (s, IH); 3.70-3.83 (t, IH); 3.95-4.07 (d, IH); 4.15-4.27 
(t, IH); 4.62-4.71(d. IH); 4.72^.84 (t, IH); 5.35 (s, 2H); 7.21 (s. IH); 7.23 (s. IH); 7.33-7.57 
(m, 8H); 7.63, 7.66 (d, IH); 7.70-7.78 (m, 3H); 7.80 (s, IH); 7.83. 7.85 (d. IH); 7.98 (bs. IH); 
8.01 (s. IH); 8.04 (s. IH); 8.28 (s, IH); 10.52 (s, IH); 10.83 (s, IH); 11.29 (s, IH)- II 77 (s 
35 IH). 

Mass spectrum: Major ions at 794. 792. 684, 538. 303. 237, 236, 199. 187, 145, 91. 
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Example 11 A 

Part A: Pr^aratioQ of Hydrazide. 

A 20Qmg quantity (0.86mmoles) of impure acid (Formula T, General Formulae Chart) is 
stirred at RT under nitrogen in 5ml dry DMF. To die solution is added 16Smg (0.86nunole$) EDC 

5 and 114mg (O.SGmmoles) t-butylcarbazate giving a complete solution. 

After 24 hrs the reaction mixture is partitioned between ediyl acetate- water. The layers 
are separated and the water layer reextractad with eAyl acetate. The organic layers are combined^ 
dried over sodium sul&te and evaporated under vacuum. Tht residue is coated on 3g sUica gel 
and chromatogrqrfied over 30g silica gel, eluting with 40% ethyl acetate* 60% hexane followed 

10 by 50% ethyl acetate-SO% hexane. Fractions of Smi are collected analyzing them by TLC. Impure 
product b found in fractions 49-84 which are combined and evaporated. This material is 
rediromatographed three times over 5g silica gel, eluting with 30% acetone-70% hexane, 
s^arating out pure produa (Formula U, General Formulae Chart) each time to give a total of 
131mg, 44% yield. 

IS TLC: silica gel; UV visualization; 50% ethyl acetate- 50% hexane; Rf: 0.42. 

Mass spectrum: Major ions at 424, 348, 292, 248, 216, 202, 57. 
NMR(d^acctone, TMS): 6 1.33-1.43 (t, 3H); 1.46 (s, 9H); 4.33-4.46 (q, 2H); 7.30 (s, 
IH); 7.59 (s, IH); 7.62 (s, IH); 7.87 (s. IH); 7.90 (s, IH); 7.97 (bs, IH); 8.35 (s, IH); 9.43 (bs, 
lH); 11.24 0>s, IH). 
20 PaitB: Ethyl ester hydrolysis. 

A lOOmg (0.29mmoles) quantity ediyl ester is (Formula U) stirred at room temperature 
under nitrogen in 2ml MeOH- 1ml IN NaOH- 1ml water for 5 hours, when TLC shows the 
reaction not quite complete. At this point 0.5ml IN HCl is added and the reaaion allowed to 
stand. 

25 After 16 hrs TLC shows tiie reaction to be finished. The reaction mixture is partitioned 

b^een ethyl acetate- water. TLC shows the ethyl acetate layer to contain impurity only and is 
discarded. The water layer is acidified with Iml IN HCl and extraaed twice with ethyl acetate. 
No produa is left in the water layer as seen by TLC. The organic layers are combined, dried over 
sodium sulfate and evaporated under vacuum. This leaves 8Smg (Formula V, General Formulae 

30 Chart), 92% yidd. 

TLC: silica gel; UV vuiualization; 50% ethyl aceute- 50% hexane- 2% acetic acid; Rf: 

0.28. 

Mass spectrum: nujor ions at: 474, 396, 320, 264, 220, 188, 57. 
UV(EtOH): 210nm (11,230); 252nm (48,600); 305nm (10,760); 315nm, si sh (8,470). 
35 NMR(d6-DMS0, TMS): 5 1.44 (s, 9H); 7.21 (s, IH); 7.46, 7.49 (d, IH); 7.75, 7,77 (d, 

IH); 8.25 (s, IH); 8.88 (s, IH); 10.12 (s, IH); 12.07 (s, IH); 12.9-13.3 (bs, IH). 
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PaitC: Amide preparation. 

An 85mg (0.27ninM)les) quantity acid (Formula V) is stirred at RT under nitrogeD in the 
dark in 1ml dry DMF. To this is added 55mg (0.27mmoles) amine (Formula G, General Formulae 
Chart) and 52mg (0.27niffioles) EDC and the mixture allowed to react for 3 days. TLC at thb 
5 time indicates incomplete reaction and another lOmg EDC is added and reaction continued for 2 
days at whidi point die reaction appears to be complete. 

The crude reaction mixture is coated on Ig sUica gel and chiomatographed over 15g sUica 
gd, eluting with a gradient of 10-90 to 2^80 DMF-tohiene to give 138 mg of product (Formula 
X, General Fotmulae Qatt). 
10 TLC: sUica gel; UV visualization; lOftDMF- 90% tohiene; Rf: 0.28. 

Mass spectrum: major ions at 506, 406, 374, 302, 57. 

NMR(d<i-DMSO, TMS): 6 1.30-1.41 (t. 3H); 1.46 (s. 9H); 4.30^.43 (q. 2H): 7.22 (s, 
IH); 7.5(^-7.74 (m. 4H): 7.77-7.87 (d. IH); 8.24 (s. IH); 8.35 (s, IH); 8.94 (s. IH); 10.19 (s, 
IH); 10.33 (s. IH); 1 1.94 (s. IH); 12.08 (s, IH). 
15 PartD: Ester hydrolysis. 

A 138mg (0.27mmole) quantity e&yl ester (Formula X) is dissolved in 2ml freshly distilled 
THF witii stirring at RT under mtrogen. To dib is added Iml EtOH and 1ml IN NaOH. Reaction 
is allowed to i»Dceed for 21 hours when TLC shows it to be con^leie. 

Tie reaction mixture is treated with 1ml IN HQ and evi^wrated under vacuum. Ihe 
20 residue b treated witii 20ml water containing 1ml IN HQ. Hie resultant suspension is transferred 
to a centrifiigation tube and spun down. n>e supernatant is decanted and tiie solid mixed witii 
water. The suspension is again spun down and die liquid decanted. TTie solid is dried under 
vacuum, leaving 106mg (Formula Y, General Formulae Chart), 82% yield. 

TLC: silica gd; UV visualization; 20% DMF-80% toluene- 2% HOAc; Rf: 0.32. 
25 Mass spectrum: major ions at 500, 478, 422. 346. 144. 57. 

NMR(46-DMSO, TMS): 5 1.45 (s. 9H); 7.09 (s, IH); 7.40-7.61 (m. 4H); 7.73-7.78 (d, 
IH); 8.16 (s, IH); 8.27 (s, IH); 8.86 (s, IH); 10.11 (s. IH); 10.29 (s. IH); 11.73 (s, IH); 12.05 
(s, IH). 

Part E: Preparation of (S>2-{H2-[Il-(chloiomethyl)-l,Wihydto-5-hydioxy.8-nietfiylbenzoIl,2- 
b:4,3-b'ldipyrrol-3(2H).yllcarbonyl].lH-indol.5-ylJamino]carbonylJ-5-I[2-I((l,l. 
dimethylethylVjKyJcarbonyilhydraanoJcaibonyll-IH-todol (Cpd 11 A). 

A 57mg (.17mmole) quantity of (S)-l-(chlorom«hyl)-l,Wihydto-5-hydroxy-8-medi^. 
benzo[l,2b:4.3-b']dipyrrole-3(2H)-carboxylic acid 1,1-dimediyl ester (BOCchlon»phenol)is stirred 
at RT in the dark and under nitrogen for one hour in 2ml EtOAc and 3ml EtOAc saturated with 
gaseous HQ. TLC in 30% ethyl acetate- 70% hexane shows all of the starting material spot to 
have moved to tiie origin, indicating complete reaction. TTie reaction is then evaporated under 
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vacuum, and the residue treated with medsylene chloride aod reevaporated under vacuum. The 
solid residue is dissolved in 1.5ml DMA» giving a dark brown solution. To this is added 81mg 
(.ITmrnoles) acid (Formula Y) and 32mg EDC. The resultant mixture is stirred at RT under 
nitrogen in the dark for one hour, followed by the addition of 2Qmg more acid and 8mg more EDC 
S and stirred for 3 more hours. 

The reaction mixture is transferred to a centrifuge tube and the product precipitated with 
water. The solid is spun down and the liquid phase decanted. The doudy liquid from decantation 
is extracted with EtOAc-THF. The organic layer is dried over sodium sul&te and evaporated 
under vacuum. The residue from tfits is combined with the solid from decantation. 
10 The crude product is coated on Ig silica gel and chromatographed over i3g silica gel» 

eluting with 30% DMF- 70% toluene to give 90 mg (76%) of product (Cpd #1 1 A). 
TLC: silica gel; UV visualization; 30% DMF- 70% toluene; Rf: 0.47. 
NMR(d6-DMS0. TMS): d 1.45 (s, 9H); 2.37 (s, 3H); 3.55-3.68 (t, IH); 3.87-3.97 (d, 
IH); 4.00^.10 (t, IH); 4.51-4.60 (d, IH); 4.63-4.77 (t, IH); 7.06 (s, IH); 7.16 (s. IH); 7.46- 
15 7.83 (m. 6H); 8.25 (s, IH); j8.31 (s. IH); 8.91 (s, IH); 9.83 (s, IH); 10.15 (s, IH); 10.30 (s. 
IH); 10.76 (s, IH); 11,71 (s. IH); 12.08 (s, IH). 

UV(MeOH): 319 nm (34,810); 293nm (36^50). 

Mass ^ectnim: major ions at 772, 696, 695, 595, 564, 360, 237, 236, 199, 187, 170, 
144, 57. 
20 Examnle IIB 

Preparation of (S)-2-I[(2-[(l-(chloromediyl)-l,6-dihydro-5-hydroxy-8-methylbenw>Il,2- 
b:4,3-b']dipyrrol-3(2H)-yl]carbonyl]-lH-indol-5-yI]aminolcarbonyll-5-<^ 
monohydrochloride (Cpd ^IIB). 

A 5. 1 4mg (0.0074mmole) quantity of (S)-2-I[[2-{( Kchloromcthyl)- 1 ,6K!ihydro-5-hydroxy- 
25 8-methylbenzo[l,2-b;4,3-b1dipyrrol-3(2H)-ylJcarbonyll-lH-indol-5-yllamino]carbonyll-5-[[2^ 
[((l,ldimethylethyl)oxy]carbonyl]hydrazino]cart)onyl]-lH-indol (Cpd #11 A) is stirred at room 
temperature 25^*0) under nitrogen in the dark widi 2ml ethyl acetate saturated with gaseous HCl 
for one hour. TLC in 20%DMF-80% toluene shows all of the starting material spot to move to 
the origin. The reaction mixmre is evaporated under vacuum, and the residue treated with 
30 methylene chloride and reevaporated under hi^ vacuum. 

UV(MeOH): 320nm (30,360); 293nm (32,890). 

Mass spectrum: M+H at 596, 598; M at 595, 597. 

HPLC: Altex Ultrasphere C18; 1.5ml/min; 295nm; 40% acetonitrile-60% water- 0.2% 
TFA; 98% pure; retention time: 5.13 min. 
35 NMR(d5-DMS0, TMS): 6 2.36 (s, 3H); 3.56-3.70 (m, IH); 3.85-3.96(d. IH); 3.98-4.10 

(t, IH); 4.50-4.60 (d, IH); 4.62-4.75 (t, IH); 7.06 (s, IH); 7. 15 (s, IH); 7.47-7.54 (d, IH); 7.55- 
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7.73 (m. 4H); 7.77-7.87 (d. IH); 8.24 ($. IH); 8.38 (s. IH); 9.77^.90 (bs. IH); 10.39 (s, IH); 
10.4-10.7 (bs. 2H); 10.78 (s. IH); 11.46 (s, IH); 11.72 ($. IH); 12.25 (s. IH). 

Example 1^ 

Preparation of (S)-N-[2-lIl-(chloromethyI)-|.6-<lihydro-8-methyl-5-[[H4-JI2- 
5 I[(^^«fi^ne*y^«hy^)oxy]carbony^]hydrarM<arbonyl]ph^ 

bldipyrroI-3(2H)-yl]caibonylJ.lH-iiulol-5-ylJ-24)enzofuram^ (Cpd #12); 

Pan A: BOC hydrazide. 

A 500mg a7fimiiiole) quantity 4-iiIirobeiizoic hydrazide is stirred at room temperature 
("iS'Q under niuogea in 5nd freshly distiUed TOP. 680mg (2.76nmioIes) of (2-(tert- 
10 butoxycarbonyIoxyimino)-2-plieivlaceloiiitrileJ(BOC<)N)aml385ul(2.76m^ triethyiamine 
are added. TTie resulting mixture is then treated widi 3inl more THF. followed by 2nd DMF, 
stirred for 48 hours, then heated to 50»C for 8 his. and allowed to proceed at room temperatui^ 
(-25'C) 16 additional hrs. The reaction is then condensed to about 1/2 volume by passing a 
stream of nitrogen above the liquid with beating to 50-C. TTien 380ul of triethyiamine is added 

15 and the reaction aHowed to stand for 4 days at n)om temperature (-25'Q. TLC shows almost 
complete reaction. 

Hie reaction mixture is partitioned between mediylene chloride-water. Tie layers are 
separated and the aqueous hqrer reextracted widi ediyi acetate. THe organic layen are combined, 
dried over sodium sul^ and evqwrated unler vacuum. 

nie crude product is coated on lOg silica gd and chromatographed over lOQg silica gel. 
eluting with ethyl acetate- hexane: 300ml. 20-80; 250ml. 30-70; 250ml. 40^; 500ml. 50-50; and 
250ml. 6040 to give 661 mg (85%) of desired product (Compound Z in General Formdae Chart). 
TLC: silica gel; UV visualization; 20% edjyl acttate-80% hexane; Rf: 0.14 
IR(Mull): peaks at 2925, 1525, 1675. 3325. 3320, 2953. 1719, 3399, 1278, 2855. 1159, 

25 "31, 1256, 1510,2869, 1484, 1350, 1370, 1373,606,851,3235,2986.1460.1456. 
Mass ^ectnmi: major ions at: 435, 282, 226, 182, 150, 57. 
UV(EtOH): 212nm sh (8,460); 262nffl (1 1,850). 

NMR(d«-acetone, TMS): » 1.46 (s. 9H); 8.10-8.23(d+s, 3H); 8.33-8.41 (d 2H)- 9 81 

(s. IH). 

30 PartB: Preparation of Formula AA (General Formulae Chart) amine. 

A lOOmg (0.35mniole) quantity of Fonnula 2 (General Formulae Chart) (Part A) 
compound is dissolved in 2ml THF. To this is added 5ml 95% EtOH and 20mg platimmi oxide. 
The mixture is hydrogenated at room temperature (-25'C) under pressure for 50 mimites. Hie 
reaction mixture is filtered, washing the solid with ethanol. TTie combined fUtrate and wash U 
35 evaporated under vacuum, leaving 87mg solid (Formula A). 

TLC: sUica gd; UV visualization; 60% ethyl acetate^% hexane; Rf: 0.47. 
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NMRCd^acetonc, TMS): 6 1.43 (s, 9H); 5.17-5.3 (d, 2H); 6.65-6.72 (d, 2H); 7.65-7.74 
(d, 2H); 7.77 (bs, IH); 9.05 (bs, IH). 

Mass spectrum: major Ions at 252, 251, 196, 178, 120, 57. 

IR(MuH): peaks at 1719, 1631, 1607, 2925, 1274, 1518, 2954, 1487, 3356, 1259, 1167, 
5 2855, 3239, 1182, 2869, 1371, 2981, 3374, 1306, 3438, 1463, 1460, 1574, 839, 779 cnf^ 
UV(EtOH): 213nm (11,800); 285niii (16360). 
Part C: Preparation of (S)-N-(2-((KcUoromediyl)-l,Wihydro-8-inethyl.5-I[([4-n^^^ 
dimethylethyl)oxy]carbonyIlhydrazinolcarbonyl]phenyIlamino]carte 
b*ldipyrfol•3(2H)-yl]carbonyl^lH•iIulol-5-yl^2^>^ (Cpd #12). 

10 A 4iiil quantity phosgene in toluene (20%, 1.93 molar) is stirred at room temperature 

('-'25''C) under nitrogen. To this is added 50mg (0.20mmoles) of the amine (Part B, Formula A), 
dissolved in 2ml dry THF, by syringe during one minute. After 5 minutes, the reaction is still 
clear and 28ul triethylamine is added. A precipitate forms. After 2 hrs another 28ul triethylamine 
is added and reaction continued for 17 hours. A lOOul aliquot is removed and evaporated under 
15 vacuum. The residue is dissolved in 0.5ml THF and an IR spectrum run. An isocyanate peak Is 
seen at 2250. 

Hie remainder of die reaction mixture is evaporated under vacuum. The residue is stirred 
under nitzogen in 1ml dry THF. To diis is added 57mg ^)-N-[2-[IHchloromediyl)-l,6-dihydro-5- 
hydroxy-8-metfaylbenzo[l,2-b:4,,3-b*]dipyrrol-3C2H-yl]carbonyl]-lH-indol-5-yl]-2-benzofi^ 

20 boxamide (see US Patent 4,912,227, Chart IV), (0. 106nfmioles) in 15ul triethylamine and 2ml dry 
THF. The resultant mixture is heated to 70^C for one hour when another lOul triediylamine is 
added. Heating is continued for one hour more. The resultant mixture is cooled to room 
temperature ( - 25''C) and the solid filtered off by washing it with THF. The combined filtrate and 
wash are evaporated under vacuum. 

25 The residue is coated on Ig silica gd and chromatographed over lOg silica gel, duting widi 

20%DMF-80% toluene to give a major produa (71mg of solid) whidi Is still impure. 

The inq>ure product is coated on Ig Celite and chromatographed over 7g preparative C18 
reverse phase silica gd (Waters, 55-105 microns). The column Is duted with 10ml 60% acetone - 
40% water, followed by 70-30 of same to give 31 mg (36%) of product (Cpd #12). 

30 TLC: silica gd; UV visualization; 10%DMF-90% toluene; Rf: 0.21 

UV(MeOH): 330nm (21,220); 280nm (31.830). 

NMR(d^-DMSO, TMS): 5 1.44 (s, 9H); 3.72-3.83 (t, IH); 3.95-^.08 (d. IH); 4.15- 4.28 
(t, IH); 4.60-4.72 (d, IH); 4.73-jj4.84 (t, IH); 7.21 (s, IH); 7.23 (s, IH); 7.35-7.45 (t, IH); 
7.45-8.00 (m, IIH); 8.25 (s, IH); k8.91 (s, IH); 10.13 (s, IH); 10.52 (s, IH); 10.73 (s, IH); 
35 11.28 (s, IH); 11.76 (s. IH). 

Mass spectrum: major ions at 819, 818, 817, 816, 684, 538, 303, 237, 236, 199, 187, 
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177. 145, 120, 57. 
Example I? 

Preparation of (S)-N^2-I[l-{chloromethy!)-l ,6<iihydio-8-methyl-5-[I([4-[I[2.[I(l,i. 
dimethylahyl)oxylcarbonylIhydra2iiK)lcarbonyI]ethylJphenyIJam^ 

b*ldipynol-3(2H)-ylJcarbonylJ-lH-imJol-5-yl]-2-beiBofurancarboxa^ (Cpd #13). 
Part A: Ester hydrolysis. 

A 2g quantity of p-nitro ethyl cinnamate (9.04inmoles) is stirred at room temperature 
(-25'Q under nitix^eo in 20ml THF-lOmI MeOH- 20ml IN NaOH for 30 minutes at which time 
everything has gone into solution and TLC sbotws no startiog material left. 

A 20ml volume of IN HQ is then added resultmg in the precipitation of a solid. TTie solid 
(Formula BB. General Formulae Chart), is ooUected by fUtration and dried under vacuum to give 
Crop 1: l.58g. 90% yield. Tie filtrate is concentrated under vacuum and a second crop is 
obtained: 40mg, 2% yield. Total yield 92*. 

TLC: sUica gel; UV visualiration; 50% EtOAc-50% hexane; Rf: origin. 
15 mCMuH): peaks at 1351. 1687. 2924, 1532. 1631. 1521, 1343. 849. 1310, 2953. 2855. 

2869, 1622. 1429, 988, 717. 1321. 1285. 1606. 1597. 713. 961, 1497, 760, 3054 cm'*. 
UV(EtOH): 211nm, sh(14,690); 222mn, sh(10.130); 302mn (18,930). 
Mass spectrum: ions at 193, 176, 147, 146, 102, 91, 77. 
Van B: Prq>aration of Formula CC (General Formulae Chart). 

A 0.5g quantity (2.6mmoles) of Formula BB (Part A) acid is stirred at room tempentture 
(~25-C) under nitrogen in 10ml dry DMF, resulting b a partial solution. To this is added 396mg 
Ommoles) of i-butylcarbazate and 575mg (3mmoles) of EDC. The mixture is left to react for U 
hours, during which time everything dissolves. Anodier ]92mg of EDC b added and the reaction 
allowed to continue for 3.5 days. 

At Ais time the reaction mixture is partitioned between ahyl acetate-water. TTje layers are 
separated and the water layer reextracted with ethyl acetate. TTie organic layers are combined, 
dried over sodium sulfate and evaporated mider vacuum. Hie crude product U coated on lOg sUica 
gel and chromatographed over lOQg silica gel. TTie column is eluted with a gradient of 40<0 to 
60^0 ethyl acetate-hexane, giving 623mg of produa (Formula CC) as a solid, 78% yield. 
TLC: silica gel; UV visualization; 50% ediyi acetate-S0% hexane; Rf: 0.72 
!R(MuH)- neate at 1515. 2925, 1675, 1348, 2954, 3299. 1715. 2855. 1252. 1637. 1367 
2867, 1166, 1297, 3218. 1282, 1373. 1149, 1543. 835. 1456, 989, 1594, 848, 719 cm"'. 
UV(EtOH): 212mn (15400); 223nm $h(11400); 244nm sha3100); 307mn. 22440. 
Mass spectrum; peaks at 307. 251. 234, 207, 176, 57. 
35 PartC: Prq)aration of Formula DD (General Formulae Chart). 

A 200mg (0.65mnioIe) quantity of Formula CC (Part B) is dissolved in 4ml freshly distilled 
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THF. To this is added lOml 95% EtOH and 40mg platinum oxide and the mixture hydrogenated 
at room temperature (-IS^'C) under pressure tot 45 minutes. The reaction mixture is filtered, 
washing the solid with THF. The combined filtrate and wash is evaporated under vacuum, treated 
with toluene and reevaporated twice, leaving 201mg, 100% yield of product (Formula DD). 
5 TLC: silica gel; UV visualization; 50% ethyl acetate- 50% hexane; Rf: 0.31 

NMR(CDCD, TMS): 6 1.46 (s, 9H); 2.40-2.5 (t. 2H); 2,80-2.90 (t, 2H); 3.59 (bs, 2H); 
6.58^.64 (d. 2H); 6.92-7.00 (d. 2H). 

Mass spectrum: major ions at 559, 279, 224, 180, 106, 57. 

IR(Mull): major peaks at 2926, 2955, 2856, 1672, 1730, 1519, 1168,2868, 1237, 1715, 
10 1368, 3285, 1456, 1466, 1272, 1258, 1484, 1288, 1298, 3327, 1393, 1617, 1632, 831, 3389 
cm-^ 

UV(EtOH): 238nm (9580); 290nm (1360). 
Part D: Pr^aration of (S)-N-(2-I[l-(chloromethyl)-l,6^ihydro-8-methyl-5-[[[(4-[[[2-(((l,l- 
dim^ylethyl)oxylcarbonyl]hydrazino]carbonyl]ethyl]phenyl]aminolcarbonyl)oxylbenzo[l,2-b:^ 

15 b*]dipyrrol-3(2H)-yl]carbonyl]-lH-indol-5-yl]-24>enzofurancarboxamide (Cpd Hi). 

A 1ml quantity phosgene in toluene (20%, 1.93 molar) is stirred at room temperature 
('-'25*'C) under nitrogen. A total of 50mg (0.18mmoles) of Formula DD (Part Q amme dissolved 
in 80ul triethylamine and Ind dry THE is added over 1 nunute via syringe. The reacdon is stirred 
for 5 hrs whereupon another SOul of triethylanune is added and the reaction sturred another hour. 

20 The reaction is then evaporated under reduced pressure. 

The residue is then stirred under nitrogen in 2rol dry THF, giving a suspension. To this 
is added 30mg (0.056mmoles) (S)-N-[2-[[ l-(chloromcthyl)- 1 ,6-dihydro-5-hydroxy-8- 
melhylbenzo[l ,2*:4,,3-b*]dipynol-3(2H-yl]carbonyll-lH-indol-5-yl]-24)enzofiirancar^ (see 
US Patent 4,912,227, Chart IV), dissolved in 1ml dry THF and lOul triethylamine. The mixture 

25 is heated to lO'^C for two hours, when 5ul more tri^ylamine is added. The reaction is then 
cooled to room temperature (-* 25''C) and allowed to proceed. After 16 hr the reaction is reheated 
to 70*C for 2 hours more and again cooled to room tqnperature (-25*C). 

The crude product is coated on Ig silica gd and diromatograpbed over lOg silica gel, 
duting with a gradient of 5% DMF- 95% toluene to 10% DMF- 90% toluene to give impure 

30 product. This material is coated on Ig Celite and chromatographed over lOg reverse phase C18 
silica gel (waters, 55-105 microns). The column is made up in acetone and conditioned with 10ml 
each of 90-10, 80-20, 70-30, and 60-40 acetone-water. Hie product is then eluted with 10ml 60% 
acetone -40% water, 100ml 70-30 and 20ml 80-20 of the same solvents to give 28 mg (60%) of 
pure product (Compound 13). 

35 TLC: silica gel; UV visualization; 10% DMF- 90% toluene; Rf: 0.53 

UV(MeOH): 320nm (41,370); 292nm (54,030). 
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NMR(dg-acetone. TMS): 6 1.57 (s, 9H); 2.44 (s. 3H): 2.83-3.05 (m. 6H); 3.67-3.77 (t, 

IH); 3.96^.04 (dd. IH); 4.18^.28 (t. IH); 4.73^.87 (m. 2H): 7.11 (s, IH); 7.23 (s. IH); 7.28 

(s. IH); 7.31 (s, IH); 7.33-7.41 (t, IH); 7.46-7.54 (t, IH); 7.54-7.70 (m. 6H); 7.77-7.83 (d. IH); 

8. 14 (s. IH); 8.42 (s, IH); 9.30 (s. IH); 9.69 (s. IH); 10.47 (s. IH); 10.98 ($. IH). 

Mass spectnim: major ions at 844. 770, 539. 538, 303, 237. 236. 199. 187. 145, 73, 57. 
Examnlft 14 

Preparation of (S)-N-[2-[Il-(chIoromethyI)- 1 ,6-dihydro-8-methyl-5-I((I4-[2- 

I(hydrazlnocarboiiyl)ethyIJphenyllaminolcarbonyIloxy]ben2o(l,2-b:4,3-b')dipyrro!-3(2H)- 
yl]carbonyl]-lH-iiidol-5-ylJ-2-Ben»fiiraiicarboMiiiide, monohydiochloride (Cpd #14). 

A 5.32ing (0.0063iiimole) quantity of (5>NH2-(IKchlOfOinethyi)-l,6HJihydro-8-methyI-5- 
[[IIM[[2-[((l.l-dimethylethyl)oxyIcaibonyl]hydrarino]carbonyl]«hyI]phenylJamino]carbony^ 

oxylbenzoll.2-b:4.3-b1dipyrroI-3(2H)-yl]carbonylI.lH-indol-5-yI]-2-benzofiirancarboxaniide 
(Cpd #13). is stirred at room temperature (~25T) in the dark under nitrogen in 2ml ethyl acetate 
saturated with gaseous HCI for one hour. TLGin 20% DMF-80% toluene shows all of the starting 
15 material spot to have moved to the origin. n,e solvent is evaporated under vacuum. Tbe residue 
is extracted with methylene chloride and reevaporated under high vacumn to give Compound 14. 
UV(MeOH): 320mn (31.230); 292nm (39.420). 

HPLC: Altex Ultrasphere CIS; 1.5ml/mln: 295mn; 55« acetonitrafr45% water- 0.2« 
TFA; 91% pure; retention time: 10.22 min. 
20 NMRPMSO. TMS): i 2.42 (s. 3H); 2.76-2.93 (m, 4H); 3.70-3.82 (t. IH); 3.96-4.05 

(d.lH); 4.13-4.25 (t. IH); 4.58-1.67 (d. IH); 4.70-4.84 (t. IH); 7.15-7.25 (m. 4H); 7.34-7.43 (t. 
IH); 7.43-7.54 (m. 4H); 7.55-7.64 (d, IH); 7.70-7.93 (m, 4H); 8.23 ($. IH); 10.33 (s, IH); 10.51 
(s. IH); 11.22 (s, IH): 11.75 (s, IH); 12.07 (s. IH). 
Example 15 

25 Preparation of (SHU2-[tl-{chloromethyl)-1.6^ihydro-5-hydn)xy-8-methylbenzo(l,2-b: 

4,3-b-]dipyrrol-3(2H)-yl]carbonyl]-lH-indol-5-yl]aminoJcarbonyll-5-f2-I[2-II(l,l- 
dimethylethyi)oxyJcarbonylJhydrazinoJcarbonyl)ediyl]-2-Benzofuran (Q)d #15). 
Part A: Preparation of 3-{(ben2ofiiran-2-carbotthoxy)-5-yl]^ropenoic acid. 

A mature of 5-bromobenzofiiran-2-caiboxylic acid ethyl ester (0.76 mM), palladium 

30 acetate (0. 14 mM), triphenylphospWne (0.31 mM). acrylic acid (7.3 mM). distnied triethylamine 
(14.3 mM) and dimethylfbrmamide (0.3 mi) a heated under argon at 110»C fbr 1.5 hours. TTie 
reaction is cooled and partitioned between IN HQ and ethyl acetate. Hie acidic pioduct is 
extracted into 5% sodium bicarbonate solution. 

Acidification and extraction of the bicarbonate solution gives after drying and concentration 

35 279 mg of crude yellow solid. Tht product is chromatographed on reversed phase C18 silica in 
methanol-water-acetic acid mixtures. A 20% yield of desired product is obtained. 
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NMR(d4-MeOH. TMS): 6 1.41(t.3H); 4.41(q.2H); 6.53(d,lHJ=18h2); 7.62(m,2H); 
7.76(m,2H); 7.99(s.lH). 

C-13 NMRpMSCM!^, TMS): 5 14,15, 61.43, 112.80, 114.19. 119.32, 123,66, 127.24, 
127.75. 130.68, 143.49, 146.08, 155.89, 158.54, 167.69. 
5 MS(EI): M+. at m/z 260; major ions at m/z 232, 21S, 188, 159. 

TLC(RP C18 sSica): Rf = 0.28 in (70-30^.2) metbanol-water-acetic acid. 
Part B: Preparation of 3-(5-benzofuran-2-carboetboxy)-propanoic acid. 

The olefin of Part A (0.18 mM) is dissolved in THE (1 ml) and methanol (1 ml). Hie 
resultant solution is treated with 10% palladium on carbon (36 mg). Four aliquots of ammonium 
10 formate (approximately 50 mg each) are added over the course of 3.8 hrs. The reaction is filtered, 
and the solids washed with methanol. The filtrate is evaporated, redissolved in ethyl acetate, and 
washed with water and brine. The ethyl acetate solution is dried over anhydrous sodium sulfate 
and evaporated. An 82% yield of desired product is obtained. Mp96-108''C. 

NMR (d4-MeOH, TMS): 6 1.40 (t,3H); 2.64{t,2H); 3.02(t,2H); 4.40 (q,2H); 
15 7.37(dd,lH);7.55(m,3H). 

C*13NMR (d4-MeOH, TMS): 6 14.60, 31.87, 37.15, 62.S7» 112.81, 114.78, 123.20, 
128.50, 129.72, 138.19, 147.13, 155.92, 161.02, 176.69. 

MS^: M+. at m/ 262. Other ions at m/z 217, 203, 175» 115. 
TLC (Silica gel GF, acetic acid washed): Rf - 0.55 in (20-80) ethyl acetate^-toluene. 
20 Part C: Coupling of Propanoic acld-3-(5-benzofuran-2-carboethoxy) with t*4)utyl carfoazate. 

The acid of Part B (0.14 mM) is dissolved in N,N-dimethylacetamide (0.5 ml) is treated 
with tert-butyl carbazate (0.28 mM). Approximately one half of a weighed quantity of 
l-ethyl-3-0-<limediylaminopropyl)carbodiimide hydrochloride (EDC, 0.32 mM) is added to the 
reaction and it is stirred at room temperature (-'25'*Q for 1.3 h. Hie remainder of the EDC is 
25 added and stirring is continued overnight. The reaction is partitioned between ediyi ac^e .and 
water. The organic layer is washed with O.IN HQ and brine, dried and evaporated. The crude 
product is chromatographed on 5 g HPLC grade silica in ethyl acetate-toluene mixtures. An 83% 
yield of product (Formula EE, General Formulae Oiart) is realized. 

NMR(CDCl3,TMS): 6 1.42(s+t, 12H);2.57(t,2H); 3.06(t,2H);4.43(q,2H);6.82(bs.lH); 
30 7.26(dd,lH); 7.45(m,3H); 8.16(bs, IH). 

C.13 NMRfCDClj. TMS): 6 14.18, 27.96, 30.81, 35.82. 61.39, 81.73, 112,10, 113.51, 
121.90. 127.03, 128.19, 136.03, 145.78, 154.39, 155.67, 159.48, 171.60. 
MS(CI): M+. at m/z 376. Other ions at m/z 276,203, 175, 57. 
TLC(Silica gel GF): Rf = 0.08 in (20-80) ethyl aceute-toluene. 
35 Part D: Hydrolysis of Ethyl Ester. 

The product of Part C (Formula EE, 0.11 mM) is stirred in a mixture of pyridine (1 ml) 
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and IN NaOH (0.25 mL) at room teiiq>erature (-2S'Q for 4 h. Hie reaction is dOuted with 1 
N HCI and etl>yl acetate. The ethyl acetate layer U dried and evaporated to jive a white solid of 
Formula FF (93% yield) which is used in the next reaction widwut fiuther purification. 

NMR(MeOHsl4, CDCI3. TMS): i 1.47($,9H); 2.57(t,2H); 3.07(t.2H): 7.33(dd.IH); 
5 7.50(m,4H). 

Part E: Coupling of 5-Aniino-2-caiboxyethyl-benzofuran with 5-Aminoindole-2-Carboxyiic Acid 
Ethyl Ester. 

A mixture of the acid formula FF, General Fbrmulae Chart) (0. 10 mM), the (Formula 
GG) amine (0. 13 mM), and EDC (0.15 mM) in N,N-dimetbylacetamide (P.2 ml) is stirred at room 
10 temperature (-25'C5 in subdued light for 4 days. Hie reaction U partitioned between ediyi acetate 
and water. The etiiyl acetate layer is washed widi brine, dried and evaporated. Hie crude product 
is purified chromatographically on HPLC grade silica gd in ethyl acetate^luene mixtures. A 7256 
yield of white solid product (Formula HH, General Formulae Chart) is obtained. Mp 132-135 C. 
NMR(CDCl3,MeOH-d4. TMS): 6 1.44(t,3H); 1.48(s,9H); 2.59(t,2H); 3.09 (t,2H); 
15 4.41(q,2H); 7.I8-7.45(m.7H);8.17(s,lH). 

C-13 NMR(CDCl3,MeOH-d4, TMS): 15.35, 29.16. 32.39. 37.16, 62.29, 82.51. 109.87, 
112.14. 113.01. 113.84, 115.86. 121.62. 123.17, 128.56, 129.19, 129.79. 131.56, 136.65, 
137.77, 150.31, 155.31. 157.63, 159.26. 163.73. 174.59. 

MS(FAB): {m+H}-f at m/z 535; other ions at m/z 479, 435, 361. 
20 TLC(SilicagelGF): Rf = 0.20 in (30-70) ediyl acttate^oluene. 

PartF: Ester Hydrolysis. 

A solution of the ester (Formula HH, General Formulae Oiart), (0.07 mM) in pyridine (1 
ml) and IN NaOH (0.3 ml) is stined at room temperamre (-2S'C) for 18 houn. The reaction 
is acidified with IN HQ and attracted with ethyl acetate. Drying and concentration of the etfiyl 
25 acetate solution gives 38 mg of white solid product. It is used in the next stq> without further 
purification. 

NMR(DMF-d7 TMS): b 1.43(s,9H): 2.58(t,2H); 3.05(t.2H); 7.19(s.lH); 7.43(d.lH); 
7.56(m,2H); 7.71(m.2H); 7.79(dd,lH); 8.37(s,lH); 8.72(b$.lH); 9.64(bs,lH); 10.55(bs,lH); 
ll.78(bs,lH). 

30 Part G: Preparation of (S>{I(2-([l-{chloromethyl)-l,6<lihydro-5*ydn>xy-8-mediyIbena>Il,2- 
b:4,3-b*Idipyrrol-3(2H)-y!]cafbonylJ-lH-indol-5-yIJ-8minoJcarbonyIJ-5-r2-H2-fC(I,l- 
dimethyIethyI)oxyJcarbonyl]hydrazinoJcarbonyllediyl]-2-ben2ofiiran (Cpd #15). 

Hydrogen chloride is bubbled into an ethyl acetate for approximately 20 minutes, (S)-l- 

((Worom«hyl)-l,6-dihydrt)-54jydroxy-8-methyl-ben2oll,2b:4,3^)']dipyriole-3(2H><arboxylic 
35 acid l.Wimethyl ester BOC(CPD chlorophenol (0.105 mM) in ethyl aceute (0.5 ml) is treated 
wiUi 1 ml of die above HQ solution. The reaction is stirred at room temperature (~2S'Q under 
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an inert atmosphere for 45 minutes. The reaction is evaporated under reduced pressure to dryness. 
Contaa of the product with air is avoided. The residue is treated with methylene chloride and 
re-evaporated twice. A solution of the acid of Part (0.075 mM) in N.N^imethylacetamide (1 
ml) is added to the residue followed by approximately one-half of a weighed quantity of EDC (0. 19 
5 mM). 

After the reaction has been stirred for one hr at room temperature ( 25 ""Q, the remainder 
of the EDC is added. One hour later, the reaction is diluted with ethyl acetate and washed with 
water. The organic layer is dried over anhydrous sodium sul&te and evaporated. The residue is 
adsorbed onto silica gel (1 g) and flash chromatographed on HPLC grade silica gel (7 g) in (20-80) 
10 and (30-70) dimethylformamidetoluene to give 72% of a yellow solid product. 

NMR(DMSO^ S 1.41(s,9H); 2.36(s,3H); 2.45(t,2H); 2.96(t,2H); 3.61(t,lH); 
3.91(m,lH); 4.04(m,lH); 4.53(m.lH); 4.67(m,lH); 7.05(s.lH); 7.14{s,lH); 7.37(d,lH); 
7.47(d.lH); 7.62(m,5H); 8.20(s,lH); 8.73(bs,lH); 9.58(bs,lH); 9.79(s,lH); 10.45(s,lH); 
10.73(bs,lH); 11.69(bs.lH). 
15 MS(FAB): Calc'd for C38H37C1N607: 724.2412; measured: 724.2393. Major ions at 

m/z 625, 389, 357. 347, 236, 199. 

UVPMA, MeOH): emax 294 (36000), shoulder at 335 (22000). 
TLC(Saica gd GF): Rf » 0.45 m (30-70) DMF^Iuene. 

20 Preparation of (S>-2-[[[2-[[l-(chloromethyl)-l,6-dihydro-S-hydroxy-8*methylbenzo[l,2- 

b:4,34>ndipynol-3(2H)-ylIcarbonyl]-lH-indol-5-yl]amino)caibon^l-5-(2-^ 
2-benzofuran monohydrochloride (Cpd 4^16). 
Removal of t-BOC Protecting Group 

(S)-([l2-ni-(chloromethyl)-l,6-dihydro-5-hydroxy-8-methylbenzo[l,2-b:4,3-b'Jdipyrrol- 

25 3(2H)-yl)carbonyl)-lH-indol-5-yll-aminolcarbonyl]-5-[2-((2-[(l,l.dimethylethyl)oxyl- 
carbony]]hydrazino]carbonyl]ethyl]-2-benzofuran (Cpd #15), (3 mg, 4.1xl(V6 mole) is dissolved 
in a minimal amount of dimethylformamide. The solution is treated with 1 ml of HQ-samrated 
ethyl aceute and stirred in subdued light at room temperature (--25**Q for 20 ndnutes. The 
solvent is then removed under vacuum to give (S)-([[2-[[l-(cbloromethyI)-l ,6-dihydro-5-hydroxy-8- 

30 methylbenzo(l,2-b:4,3-b']dipyrrol-3(2H)-yl]carbonyl]-lH-indol-5-yl]amino]carbonyl-5-[2- 
(hydraz!nocarbonyl)ethyl]-2-benzofuran monohydrochloride (Cpd #16), as a solid. 

NMR(DMS0^5, TMS): 6 2.36(s,3H); 2.60(t,2H); 3.00(t,2H); 3.60(t,lH); 3.92(dd,lH); 
4.03(dd.lH); 4.53(d,lH); 4.68(t,lH); 7.05{s,lH); 7.13(s,lH); 7.39(d,lH); 7.48(d,lH); 
7.64(m,5H); 7.73(s,lH); 8.20(s,lH); 9.79(s,lH); 10.46(s,lH); 10.620)S,1H); 10.74(s,lH); 

35 11.69(s.lH). 

HPLC (Altex Ultrashere ODS, 5m C18 column, 4.6x150 mm; 29Snm deteaion; Solvents: 
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40% CH3CN + 02% TFA : 60% HjO + 0.2% TFA; pump rate 1.5 ml/min): Retention time 
= 8.19 min. 

Preparation of (7bR)-N-[2-I(4.5.8.8a-tetrahydro-7-methyI-M)xocyclopropaIcJpyrrolo(3.2- 

eJlndol-2(lH)-yl-carbonyIJ-lH-indoI-5-yl]aminocarbonyl)-5-I2-II2-[(l,l-dimethylethyl)oxyJ 
caibonyl]hydrazino]carbonyl]ethyI-2-benzofuran (Cpd #17). 

A 50 mg (0.069 mmole) quantity of (SHIRK l-(chlorometbyI)-1.6Hlihydro-5-hydroxy-8- 

methy!ben2o[l,2.b:43-b1dipynoI-3(2H)-yl]carbonyIl-lH-indoI-5-yIJamino]carbonyl]-5-l2-lI2^ 
[K14-dimethylethyl)oxy)carbonyllhydra2inoIcarbonyl]ethyl]-24)en» 
10 mL of (25-25-50) triethyl amine-acetonitrile-water and the resultant solution stirred at 25»C for 
25 min. TTie reaaion mUture is then partitioned between THF, ethyl acetate and water. TTie 
water layer is separated and reextracted with THF-ethyl acetate. TTie combined organic extracts 
are dried over sodium sulfate. To this solution is added 500 mg of silica gel and then the mixture 
concentrated under vacuum. The residue is added to the top of a 5 g silica gel column and the 
column eluted with (20-80) DMF-toluene, collecting 2 mL fractions. TTie fractions containing 
produtt as determined by TLC (19-28) are combined and evaporated under vacuum leaving 37 mg 
of fW»R)-N-I2-[I4.5.8.8a-tetrahydro-7-methyI.4-oxocyclopropatc]pyrrolol3,2-e^ 

carbonyl]-lH-indol-5-yllaminocarbonyll-5-[2-[I2-I(l.l.dlmethylethyl)oxy)carbonyl]hydra- 
zino]carbonyl]ethyI-2-benzoiuran. 

NMR mSO^: 6 1.32(s.lH): 1.41(s.9H); 1.90-2.04(m.lH); 2.01(s.3H); 2.38- 
2.52(t.2H); 2.90-3.02(t.2H): 3.12-3.23(m,lH); 4.4M.Sl(d.lH): 4.52.4.60(dd,lH); 6.72(s.lH); 
6.90(s.lH); 7.22(s.lH); 7.33-7.41(dd.lH); 7.44-7.51(d.lH): 7.62(s.lH): 7.65(s.lH): 7.70(s,'lH):' 
8.22(s.lH): 8.75(s,lH); 9.59(s,lH); 10.48(s,lH); 11.56(s,lH): 11.83(s.lH). 
TLC: Rf = 0.36 in (20-80) DMF-toluene. 
25 Example 11} 

Preparation of (S)-[I(-2[Il-(chloromethyl)-l,6^ihydro-5-hydroxy-8-methylbenzofl.2-b: 
4,3-b']dipyrrol-3(2H)-yl]carbonyl)-IH-indol-5-yl]amino]carbonyl]-5-(2-(l2-I[(l,l- 

dimethyIethyl)oxy]carbonyi]hydrazino]carbonyIlelhyI-2-ben2ofiiran3,6.9^ 
(Cpd git). 

Part A: Prq>aration of 3,6,9-trioxadecanoic acid (23899-IG-154) 

A 0.5 g miantity of platinum oxide is bydrogenated in 60 mL of water at 25«C and 
atmospheric pressure until the uptake of hydrogen ceases. To the resultant mixture is added a 
mUture of 0.6 g (7. 14 mmoles) of sodium bicarbonate and 1.0 g (6. 1 mmoles) of triethylene glycol 
monomethyl ether dissolved in 20 mL of water. Air is bubbled through the above mixture for 4 
hr following the consumption of starting material by TLC. The reaction U then filtered though 
Celite and the Cdite washed with water. The combined washes are treated with 7.2 mL (7.2 



20 



30 



35 
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mmoles) of 1 N hydrochloric acid and the resultant solution freeze^ried. The residue is washed 
with acetone and filtered. The filtrate is evaporated to dryness under vacuum. The residual oil 
is chromatographed over 100 g of CC-4 silica gel eluted with (50>S0)acetone-methylene chloride, 
colleaing 20 mL fractions. Concentration of fractions 11-16 gives 0.92 g of the desired 3,6,9- 
5 trioxadecanoic acid. 

NMR (acetoncKlfi): 6 3.30(s,3H); 3.40-3.75(m,8H); 4.12{s,2H); 

TLC: Rf = 0.13 in (40-60-2) acetone-hexane-acetic acid. 

PartB: 

A 40 mg (0.22 mmole) quantity of 3,6,9-trioxadecanoic acid (Part A) is treated with 0.5 
10 mL of tbionyl chloride and the mixture heated to reflux under a nitrogen atmosphere for 1 hr. The 
reaction is then cooled and concentrated under vacuum at 25 ^C. The residue is redissolved in 
carbon tetrachloride and again evaporated under vacuum. The residual acid chloride is treated with 
1.0 mL of dry pyridine and this solution added to a solution of 30 mg (0.043 mmole) quantity of 
(7bR)-N-(2-([4,5,8,8a-tetrahydro-7-methyl-4-oxocyclopropa [c]pyrroloI3.2-e]indol-2(lH)-yl- 
15 carbonyl]-lH-indol-5-yl)aminocarbonyl)-5-[2-([2-((l,l-dimethylethyl)oxy]carbonyllhydra- 
zino]carbonyl]ethyl-2-benzofuran (Cpd #17). After stirring 16 hr at 25**C, the reaction is treated 
with 0.3 mL of 5% aqueous sodhim bicarbonate and the total mixture evaporated under vacuum 
onto 0.5 g of silica gel. The residual silica gd and compound are added to the top of a 7 g silica 
gd column which is then eluted with (15-85) DMF-toluene» collecting fractions of 2 mL. 
20 Evaporation of fractions 13-20 leaves 9 mg of (S)-[[[-2[[l-(chloromethyl)-U6^ihydro-5-hydroxy-8- 
methylbenzo[l,2-b:4,3-b*]dipyrrol-3(2H)-yl]carbonyl]-lH-indol-5-yl]amino]carbonyl]-5-[2-[[^ 
[[(1 , l-dimethylethyl)oxy]carbonyl]hydrazino]carbonyl]ethyl-2-ben2x>friran 3,6»9-trioxadecanoic 
acid ester (Cpd #18). 

NMR (DMSCNI5): 6 1.41(s,9H); 2.41(s,3H); 2.40-2.50(t,2H); 2.90-3.00(t,2H); 
25 3.25(s,3H); 3.42-3.50(m,2H); 3.53-3.65(m,4H); 3.70-3.80(m,3H); 3.944.03(d,lH); 4.13- 
4.24(t,lH); 4.57(s,2H): 4.56^.66(d,lH); 4.68-4.81(t,lH); 7.18(s,lH); 7.26(s.lH); 7.32- 
7.40(dd,lH); 7.45-7.53(d,lH); 7.56-7.67(m,3H); 7.86(s,lH); 8.22(s,lH); 8.72(s,lH); 9.59(s,lH); 
10.47(s,lH); 11.15(s,lH); 11.69(s,lH). 

TLC: Rf = 0.44 in (20-80) DMF-toluene. 
30 Pi^pypte 19 

Prq)aration of (S)-[[[-2[{1-(chIornmethyl).l,6^ihydro-5-hydroyy-8.pfiethyihenTo[l,?-b: 
4,3-b*ldipyrrol-3(2H)-yl]caibonyl]-lH-indol-S-yl]amino]caifoonyl]-S-[2-(h^ 
benzofiiran 3,6,9-trioxadecanoic acid ester (Cpd #19). 

A 4 mg (0.0045 mmole) quantity of (S)-I[[-2[Il-(chloromethyl)-l,6-dihydro-5-hydroxy-8- 
35 methylben20[l,2-b:4,3-b']dipyrrol-3(2H)-yl]carbonyl]-lH-indol-5-yllamino)carbonylJ-5-(2-[I2- 
[[(l,l-dimethylethyi)oxy]carbonyl]hydrazino]carbonyl]ethyI-2-benzofuran 3,6,9-trioxadecanoic 
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acid ester (Cpd #18) is treated with 0.2 mL of trifluoroacetic acid at 25*'C. After 2 min the 
reaction is evaporated under vacuum (< 0.2 mm Hg) and the residue immediately dissolved in 0.25 
mL of DMF and the solution added to die top of a 1.25 g Dowex 2-X8 (50-100 mesh) ion 
exchange column in the chloride form. The column is eluted widj DMF, collecting fractions of 
0.25 mL. The fractions are analyzed by HPLC on a Altex Ultrasphere S/t ODS 4.6x150 mm 
column eluted at 1.5 mUmin with (45-55-0.1) acetonitrile-water-TFA, following peak eluUon by 
UV at 295 nm. Under diese conditions the staiting material elutes in 7.7 min and (S)-[I(-2(I1. 
(chloromediyl)-l,Mihydro-5*ydn)xy-8-methylben2oIl,2-b:43-b'Idlpyrrol-3PH)-yllcarb^ 
indol-5-yllamuiolcarbonylI-5-{2-(hydrazino)caibonylJethyI-2-benzofuran3.6.9-trk^^ 
ester in 5.2 min. The fractions containing produa are combined and concentrated under high 
vacuum (<0.2 mm Hg). 

TLC: Rf = 0.40 in (50-50) acetonitrile-water on C-18 reversed phase silica gel plates. 
Example 20 

Preparation of (S)-I((-2I(l-(chlorome*yl)-l ,Wihydro-5-hydroxy-8-methylbenzoIl ,2-b: 
4,3-b'ldipyrrol-3(2H)-yl]carbonyI]-lH-indol-5-yl]amino]carbonyl)-5-I2-[[2-([(l,l- 

dimed»ylethyl)oxy]carbonyI]hydrazino]carbonylJediyl]-2-benzoftiranglutaric acid monoester (Cpd 
#20). 

A 30 mg (0.041 mmole) quantity of (S)-n[-2r[l-(chloroniethyl>l,6Hlihydro-5*ydroxy-8- 
meUiylbena)[l,2-l(:4.3-b']dipyrrol-3(2H)-ylJcarbonyIJ-lH.indol-5-ylJaminoJcarbonyI]-5-(2-Ip. 
(l(l,l-dimethylethyl)oxy]carbonyl]hydra2ino)carbonyl]ethyl]-2-benzofi>ran (Cpd #15), 7 mg of 
glutaric anhydride and 3 mg of 4-N,N-dimethylaminopyridine are dissolved in 0.20 mL of pyridine 
and die solution heated to 65 "C under a niuogen atmosphere for 3 hr followed by stirring for 64 
hr at 25''C. The reaction is then added to 0.5 g of silica gel and evaporated under vacuum, the 
residue is added to the top of a 5 g silica gel column and die column eluted with (20-80) DMF- 
toluene until the TLC shows the starting (Cpd #15) is eluted. Tlie solvent is dien switched to (20- 
80-2) DMF-toluene-acetic add and 2 mL fractions are collected. Evaporation, under vacuum 
(<0.2 mm Hg), leaves 27 mg of (S)-[[(-2[ll-{chloromethyl)-l,«ihydro-5-hydroxy-8- 
methylben2o[l,2-b:4.3-b*ldipyrrol-3(2H)-yl]carbonyl]-lH-indol-5-yllaminolcarbonyll-5-I2.([2- 
I[(l,l-dimedlyledlyl)oxy]carbonyllhyd^azino]carbonyl]etflyl^2-benzof^Iranglutaricacidmonoester^ 

NMR (DMSO-d<i): 5 1.41(s,9H); 1.85-1.98(q.2H): 2.33-2.44(t,2H); 2.41(s,3H); 2.45- 
2.53(t,2H); 2.73-2.83(t,2H): 2.92-3.04(t,2H); 3.67-3.80(t,lH); 3.93-4.05(d,lH): 4, 14-4.24(t,lH); 
4.5fr4.66(d,lH); 4.704.81(t,lH); 7.20(s,lH); 7.25(s.lH); 7.34-7.4I(dd,lH); 7.45-7.53(d!lH).' 
7.55-7.70(m,3H); 7.7l(s,IH); 7.85($.1H): 8.23(s,lH); 8.75(s,lH); 9.60(s,lH): 10.47(s,lH); 
11.13(s.lH); ll.71(s.lH). 

TLC: Rf = 0. 14 in (20-80) DMF-toluene. 

TLC: Rf = 0.57 in (20-80-2) DMF-toluene-ac«ic acid. 
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Preparation of (S)-[([-2([l-(chlororoethyl)-l,6-dihydro-5^ydroxy-8-methylbenzo[l,2-b: 
4,3-b*)dipyrrol-3(2H)-yl]carbonyll-lH-mdoU5-yllainino]carbonyl]-5-[2-[l2-^ 
oxylcarbonyllhydrazino]carbonyllethyl]-2-bcn2ofuran ester of N-[2-hydroxy-l,l- 

S bis(hydroxyfnethyI)ethyl]g1utaramic acid (Cpd #21). 

A 25 mg (0.03 nunole) quantity of (S)-[l[-2[[l-(chJoromethyl)-l,6-dihydro-5-hydroxy-8- 
methylbenzo[U24>:4,3-b']dipyrn>l-3(2H)-yl]carbonyI]-lH-indol-S-yl]amino]w^ 
[[(l,lHiimetfayIethyl)oxy]carbonyl]hydraiino]carbonyl]etfayl]-2^)enzofu^ 
(Cpd #20)» 7 mg of hydfoxybeDzotriazole» 7 /iL of triethylamine, and 9 mg of ethyl 

0 dtmethylaminopropylcarbodiimide are dissolved in 0.20 mL of DMA and the reaction allowed to 
stand in the dark for 1.5 hr. The reaction is then treated with 7 mg of 
trihydroxymethylaininomethane and the reaaion stirred in the dark at 25''C for 21 hr. The reaction 
is then evaporated onto 0.5 g of silica gel under high vacuum (<0.2 mm Hg). The residue is 
added to the top of a 5 g silica gd column and eluted with (20-80) DMF-toIuene, collecting 2 mL 

5 fractions. Evaporation of fractions 22-44 under high vacuum ( < 0.2 mm Hg) leaves 1 8 mg of ((S>- 
[[[-2l[l-(chloromethyl)-l,6-dihydro-5-hydroxy-8-methylbenzoIl,2-b:4,3-b*]dipyrrol-3(2H)- 
yl]carbonyl]-iH-indol-5-yl]amino]carbonyl]-5-[2-[[2-[[(lJ-dimetbylethyi) 
oxy]carbonyl]hydrazino]carbonyl]ethyl]-2-benzofuran ester of N*[2-bydroxy- 1,1- 
bisCnydroxymethyl)ethyl]glutaramic acid (Cpd #21). 

0 NMR (DMSCWg): 5 1.41(s»9H); 1.84-1.99(q,2H); 2.24-2.36(t,2H); 2.4l(s,3H); 2.41- 

2.50(t,2H); 2.70.2.80(t,2H); 2.9O-3.02(t,2H); 3.56 & 3.58(d,6H); 3.66-3,77(t,lH); 3.92- 
4.03(d,lH); 4.13-4.24(t.lH); 4.54-4.65(d,lH); 4.67^.80(2t,4H); 7.18(s,lH); 7.23(s,2H); 7.33- 
7.40(dd,lH); 7.44.7.53(d,lH); 7.56^7.69(m,3H); 7.71(s,lH); 7.84(s,lH); 8.22(s.lH); 8.73(s,lH); 
9.58(s,lH); 10.46(s,lH); 11.09(s,lH); 11.69(s4H). 

S TLC: = 0.60 in (30-70) DMF-toluene. 

HPLC: RT ^ 4.06 min on 4.6x150 mm Altex Ultrasphere 5^ ODS column eluted at 1.5 
mL/min with (45-55-0.1) acetonitrile-water-TFA; RT = 6.51 min on 4.6x150 mm Altex 
Ultrasphere 5^ ODS column eluted at 1.5 mL/min with (43-57-0.1) acetonitrile-water-TFA. 
Ig^piffplg;};} 

iO Prepartation of (S)-I[[-2[[l-(dkloromethyl)-U6-dlhydro-5-hydroxy-8-mediylbenzo[1.2-b: 

4,34i'|dipyrrol-3(2H)-yl]carbonyl]-lH-indol-5-yl]amino]carbonyll-5-(2-<^y^ 
benzofiiran ester of N-[2-hydroxy-l,l-bis(hydroxymethy])ethyl]glutaramic acid (Cpd «22). 

A 16 mg (0.017 mmole) quantity of (Cpd #22) is treated with 0.90 mL of trifluoroacetic 
acid at 25 *C. After 2 min the mixture is evaporated under high vacuum (<02. nun Hg). The 

i5 residue is immediately dissolved in 1 mL of DMF and added to the top of a 5 g Dowex 2-X8 (50- 
100 mesh) ion exchange column in the chloride form. The column is eluted with DMF, coUectuig 
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fractions of 1 mL. Evaporation of fractions 3-7 under bish vacuum «0.2 mm Hg) leaves 15 mg 
of slightly impure ((S^^I[-2((l-(chloromethyl>l,(HJihydro.5^.ydroly4.melhylbenIoI1.2-b:4,^ 
b1dipyrrol-3(2H)-yllcarbonyIJ-lH-indol-5-yl]amino]carbonyl]-5-{2Khydra2ino)carbonyl)^^^^ 
benzofiiran ester of N-I2-hydroxy-l,l-bis(hydroxymethyl)ethyI]glutaramic acid. Cpd «2). This 
5 material is dissolved in 0.6 mL of DMF and tlie solution diluted with 0.4 mL of water. This 
mixture is chromatographed over 2 g of C-18 reversed phase silica gel, eluting witii 3 mL of (60- 
40) DMF-water followed by 30 mL of (70-30) DMF-water. Fractions of 1 mL are collected. 
Evaporation of fractloiis9-13leave83mgof((S)-[tt-2ni-(chloromethyl).l.6Hlihydro-^^ 

methylbenzoC1.2-b:4.3-b-Jdlpyrrol-3(2H).ylJcarbonylI.lH-iiidol.5.ylJaminoJcarbonylJ.5-I2. 
10 (hydrazino)carbonylJethyl-2-ben2ofuran ester of N-[2-hydroxy.I,l. 
bis(hydroxymethyl)ediyl]glulaiamic acid (Cpd #22). 

NMR(DMSC>Ky:«1.84-1.98(q.2H);2.2S-2.35(t.2H):2.36-2.44(t.2H);2.41(s.3H):2.67. 
2.77(t.2H); 2.90-3.00(t,2H); 3.55 & 3.57(d.6H); 3.67-3.77(t.lH); 3.94-4.04(d.lH); 4.13- 
4.25(t.lH); 4.57^.65(d,lH); 4.704.82(2t.4H); 7.18(s.lH); 7.23(s.2H); 7.30-7.37(d.lH); 7.44- 
15 7.51(d.lH); 7.56-7.66(m.4H); 7.71(s,IH); 7.84(s.lH); 8.22(s.lH); 8.99($.1H); 10.45(s,IH): 
n.09(s,lH); 11.69(s,IH). 

TLC: Rf « 0.60 ia (70-30) DMF-water on C-18 silica gel reversed phase TLC plates. 
BtamnleM 

Preparation of (SH[[-2[Il-(cbloromethyl)-l,6Hlihydio-5.iydroxy.8-mediylbenH)[1.2-l): 

20 '».3-b-]dipyrrol-3(2H)-yI]carbonyll-lH.indol-5-yl]amIno]carbonyll-5-[2.t(2-[((l.l. 
dimethylethyl)oxylcarbonyl)hydrarino]carbonyljethylh2-benzoluranglut^^ acid mon^est^ mcino 
amide of 7-amlno-naphthalene-1.3-disulfonic acid disodium salt (Cpd 123). 

A 25 mg (0.03 mmole) quantity of (SHlI-2t[I-(chloiomethylV1.6Hlihydio-54iydroxy-8- 
methylbena)(l,2-b:4.3-b']dipyiTol-3(2H>yl]carbonyl)-lH-indol-5-yl]aminoJcarbonylJ-5.[2-{[2. 

25 l((l.l-dimethylethyl)oxy]carbonyl]hydra2ino]carbonylJethyl]-2-bcnzofiirangluU^ monoester 
(Cpd 020). 7 mg of hydroxybenzotriazole, 7 /d, of triethylamine, and 9 mg of ethyl 
dimethylaminopropylcaibodiimide are dissolved in 0.20 mL of DMA and die solution stirred at 
25»C for 1.5 hr. To the reaction is then added 10 mg (0.033 mmole) of 7-amino-l,3- 
naphthalenedisulfonic acid dissolved in 10 mL of triediyl amme and 20 ,iL of water, the residual 

30 solution being washed in witf, 100 ^L of DMF. Tie reaction « stirred In the dark at 25'C for 
21 hr. Tht reaction U then evaporated onto 0.5 g of Cdite under high vacuum (<0.2 mm Hg). 
nie residue is added to the top of a 5 g C-18 reverse phase silica gel column and eiuted witii 10 
mL of (10-90) DMF-1 % sodium chloride in water, and subsequendy with 10 mLs each of solvent 
changing from 10%-80% DMF in water in increaments of 1096. Fractions of 2 mL are collected. 

35 the desired (SH^[-2al-(cblo^omethyl)-1.6<lihyd«>.5^.ydIDxy-8^ne^hyIben^o[l,2-b^ 

3(2H)-yllcarbonyll-lH-indoI-5-ylJaminolcarbonyl].5-I2.[[2-{((l,l. 



W091/ld324 



PCr/US91/02704 



-41- 

dimethylethy!)oxy]carbonylJhydra2ino]carbonyllethyl-2-ben2oforan glutaric acid monoester mono 
amide of 7-amino-naphthaIene-l,3-disulfoDic acid disodium salt is obtained as a solid residue by 
evaporation under high vacuum (<0.2 mm Hg) of those fractions found by TLC and HPLC to 
contain this material. 

5 NMR pMSOd^, TMS): 6 1.41(s,9H); 1.99-2. 10(q,2H); 2.40(s,3H); 2.40-2.48(l.2H); 

2.50.2.59(t,2H); 2.77.2.87(t.2H); 2.90-3.01(t,2H); 3.68-3.79(t.lH); 3.94^.03(d,lH); 4.13- 
4.24(t,lH); 4.56-4.66(d,lH); 4.7(M.80(t,lH); 7.18(s,lH); 7.24(s,lH); 7.34.7.40(d,lH); 7.46- 
7.53(d,lH); 7.56-7.67(m,3H); 7.70(s,lH); 7.85-7.92(m,2H); 8.00(s,lH); 8.13-8.20(d,lH); 8.20- 
8.24(m,2H); 8.67(s.lH); 8.73(s.lH); 9.59(s,lH); 10.39(s,lH); 10.46(s.lH); 11.13(s.lH); 
10 11.72(s.lH). 

HPLC: Vydac Protein-Pq)tide Cig; 1.5 ml/minute; 295 nm; eluted for 2 minutes with 20% 
CH3CN - 80% 50 mM NEt3/H0Ac (pH « 5.5), followed by a 5 minute gradient to 80% CH3CN 
" 20% 50 mM NEt3/H0Ac, followed by 80% CH3CN - 20% 50 mM NEt3/H0Ac. Retention 
time: 7.6 minutes. 
15 toplg24 

PreparaUon of (SH[I-2Itl-(chlorom^yl)-l,6-dihydro-5-hydroxy.8-methylbenzo[l,2-b: 
4.3-b']dipyrroI-3(2H)-ylJcarbonyI]-lH-indol-5-yI]amino]carbonyq^ 

benzofuran glutaric acid monoester mono amide of 7-anuno-naphtha]ene-l,3-di$ulfonic acid 
disodium salt (Cpd Jf24). 

20 A 20 mg (0.016 mmole) quantity of (SHn-2t[l-(cWorom«hyl)-l,6Klihydro-5-hydroxy-8- 

methylbenzo[l,2-b:4,3-b']dipyrrol-3(2H>yllcarbonyl].lH-indol-5-yl]aminolcarbonyIl-5-[2-(P 
[1(1 , l-dimethylethyl)oxy]carbonyl)hydrazino]caibonyl]ethylJ-2-benzofuran glutaric acid monoester 
mono amide of 7-amino-naphthalene-l,3-disulfDnic acid disodium salt (Cpd #23) is treated with 
0.90 mL of trifluoroacetic acid at 25"C. After 2 min the mixture is evaporated under high vacuum 

25 (<02. mm Hg). Hie residue is immediately dissolved in 1 mL of DMF evaporated under high 
vacuum (<0.2 mm Hg) unto 0.5 g of Celite. The residue is added to the top of a 5 g C-18 
reverse phase silica gel column and eluted with 10 mL of (10-90) DMF-1% sodium chloride in 
water, and subsequently with 10 mLs each of solvent changing from 10%-80% DMF in water in 
increamentsoflO%. Fractions of2mL are collected. Thedesired(SH[[*2[[l-(chloromethyl)-l,6- 

30 dihydro-5-hydroxy-8-methyIbcnzoIl,2-b:4,3-b'ldipyrrol-3(2H)-yl]carbonyl]-lH-indol-5- 
yi3amino]carboDyI]-5-[2-0iydra2inn)carbonyllethyl-2-benzofi^ glutaric acid monoester mono 
amide of 7-amino-naphthalene-l,3-disuIfonic acid disodium salt is obtauied as a solid residue by 
evaporation under high vacuum (<0.2 mm Hg) of those fractions found by TLC and HPLC to 
contain this material. 

35 NMR (DMSOkI^, TMS): 6 1.98-2.I2(q,2H); 2.40(s,3H); 2.34-2.46(t,2H); 2.52- 

2.60(t.2H); 2.78-2.88(t.2H); 2.93-3.01(t,2H); 3.68-3.79(t,lH); 3,93^.03(d,lH); 4. 10-4.23(t,lH); 
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4.55-t.65(d.lH); 4.68-4.8I(t.lH): 7.18(s.lH); 7.23(s.lH); 7.30-7.39(d,lH); 7.45-7.53 (d.lH); 
7.57-7.67(in,3H); 7.70(s,lH); 7.83-7.93(in,2H); 8.01(s,lH); 8.10.8.19(d,lH): 8. 19-8.24(m,2H);' 
8.67(s.lH); 8.98(s.lH); 10.39(s.lH); 10.45(s,lH); 11.13(s.lH); n.72(s,lH). 

HPLC: Vydac Protein-Peptide C,8; 1 .5 ml/minute; 295 nm; linear gradient over 3 minutes 
of 40% CHjCN - 60% 50 mM NEt3/H0Ac at pH » 5.5 to 45% CH3CN - 5S» 50 mM 
NEt3/H0Ac. Retention time: 3.13 minutes. 

The starting compounds are known or can be readily pr^ared by known methods. See 
M.A. Warpehoski, Tet. Lett.. 27, 4103 (1986); W. W. Wierenga, J. Am. aem. Soc., 103, No. 
18, 1981; D.G. Martin, J. Antibiotics 1985, 38. 746; and M.A. Warpelioski, 1. Gebliard, R.C. 
Ke«y, W.C. Krueger, L.H. U. J.P. McGovren, M.D. Prairie, N. Wicnienski and W. Wierenga, 
J. Med. diem., 1988, 31, pp. 590-603. 

The prqjaratlon of (S)-l-(chIoromediyl)-l ,6Klihydn>-5- hydtoxy-8-methyl-benzo[l,2b:4.3- 
b']dipyrrole-3(2HHarboxylic acid 1.1-dimethyl ester BOC(CP0 chlorophenyl HCI is described in 
R. C. Kelly. I. Gebhard, N. Wicnienski, P. A. Aristoff, P. D. Johnson. D. 0. Martin. J. Am. 
15 Chem. Soc. 1987, 109 6837. 

The spirocyclopropylcyclohecadienyl compounds of Formula A and l-{halomethyl)-l,6- 
hydro-5-hydroxy-8-methyI-benro[l,2-b:4,3-b-]dipyrrole-3(2H)-yl 5-esteror urethanes (Formula B) 
can also be prepared by the procedures and methods disclosed in U.S. Patent Application Serial 
No. 894,314, filed August 7, 1986 (now abandoned), and PCT/87/03227 patent application filed 
December 1 1. 1987. Both are incorporated herein by reference. See also EP Application 0 154 
445 (published 9 November 1985). 

The compounds of Formula I and D are particularly usefiil as antitumor agents. Examples 
of compounds of Formula 1 and n demonstrate antitumor activity in P388 leukemic mice, and also 
show significant activity in the L1210 leukemia and B16 melanoma murine test systems. These 
25 murine test systems are predittive for clinically useful human antitumor agents (see, for example, 
A. Geldin et al. European J. Cancer, Vol. 17. pp 129-142, 1981; J.M Vendetti, Cancer Treatment 
Reports, Vol. 67. pp. 767-772. 1983; and J.M. Vendetti et al. Advances in Pharmacology and 
Chemotherapy, Vol. 20, pp. 1-20. 1984), and, therefore, the compounds of the subject invention 
O'ormula I and U) will be useful in the control and treatment of suscq)tible neoplastic (cancer) 
30 diseases, including susceptible leukemics, in humans when given, for example, intravenously in 
doses of 0.001 pg/kg to abo-it 10 mg/kg of body weight per day, the exaa dose depending on the 
age, weight, and condition of the patioit, and on the firequency of administration. 

The compounds of Formula I and U are effective when administered intravenously (IV) in 
fluid solutions by bolus injection or by infusion. The preferred doses are 0.01 microgram/kg to 
35 1000 microgram/kg by bolus injection and 0.0002 to 20 microgram/kg/min by infusion. Tlje exact 
dose will vary depending on the particular compound as well as the age, weight, route of ad- 



20 
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ministration^ and physical condition of the patient, and on the frequency of administration. 

Illustrative L1210 testing data on the compounds of Formula I are presented in Table I. 
In addition to the administration of the compounds of the subject invention directly, the 
compounds (Formula I and 11} are preferably coupled to antibodies, either monoclonal (Mab) or 

S polyclonal » directed at specific canc^ cell antigens and thus selectively eliminate those disease cells 
from the patient. Hie coupling of the compounds of this invention to antibodies can be done by 
methods well known in the art Including those of European Patent Application 85401776.1 
(Publication No. 0175617) and 83400461.6 Qhiblication No. 0088695), herein incorporated by 
reference, as well as A.H. Blair, T.I. Ghose, J. Immunol. Methods, 59, 129 (1983), N. Endo, 

10 Y. Kato, Y. Takeda, M . Saito, N. Umemoto, K. Kishida, T. Hara, Cancer Res. 47, 1076 (1987), 
E. Hurwitz, R. Levy, R. Maron, M. Wilchek, R. Amon, M. Sela, Cancer Res. 35, 1175 (1975), 
K. Ohkawa, Y. Tsukada, N. Hibi, N. Umemoto, T. Hara, Cancer Immunol. Immunother. 23, 81 
(1986), B. Packard, M. Edidin, A. Komoriya^ Biochemistry, 25, 3538 (1986), J.D. Rodwell, 
V.L. Alvarez, C. Lee, A.D. Lopes, J.W.F. Goers, H.D. King, H.J. Powsner, T.J. McKeam, 

15 Proc. NaU. Acad. Sci. USA, 83, 2632 (1986). Y. Tsukada, Y. Kato, N. Umemoto, Y. Takeda, 
T. Hara, H. Hirai, J. Nat. Cancer Inst. 73, 721 (1984), and N. Umemoto, Y, Kato, Y. Takeda, 
M. Salto, T. Hara, M. Seto, T. Takahashi, J. Appl. Biocbem. 6, 297 (1984). 

Furtha, the compounds (Formula I and 11) can be utilized to treat AIDS by preparing 
conjugates between the compounds and soluble human CD4 or a soluble human CD4 protein 

20 fragment capable of binding to the gpl20 envelope protein of the human Immunodeficiency virus. 

The amino acid sequence of soluble human CD4 (or soluble human CD4 protein fragment 
capable of binding to the gpl20 envelope protein of the human unmunodeficiency virus, i.e. 
biologically active CD4 fragments) can be the same as mature human CD4 protein or modified in 
such a manner that the sequences are different from that of mature CD4 protein in that there can 

25 be 1) deletion(s) from, substitution(s) in and/or additions to the amino acid sequence of human 
CD4 (see Maddon, P. J. et al., *The Isolation and Nucleotide Sequence of a cDNA Encoding the 
T Cell Surface Protein T4: A New Member of the Inununoglobulin Gene Family", Cell, Vol. 24, 
pp. 93-104, August 1985, and Garlick, R. L., et al., "Escfaericia coll expression, purification, and 
biological activity of a truncated soluble CD4', AIDS Research and Human R^viruses, Vol. 6, 

30 No. 4, pp. 465^79, 1990; 2) It Is truncated O e., Includes the same amino acid sequence); 3) It 
is truncated and the truncated form or poitipn includes deletlonfs) from, substitutlon(s) In and/or 
additions to the amino acid sequence which occurs in the corresponding portion or segment (see 
references cited above). 

Preferably biologically active, and/or modified soluble CD4 fragments include none (or at 

35 least less than six amino acids) of die hydrophobic transmembrane portion. Such biologically 
active (modified or unmodified) soluble CD4 fragments are long enough (ten amino acids or 
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longer) to enable them to bind effectively to tlie gpl20 envelop protein of the HIV virus. Although 
such fragments need not exhibit complete homology with human CD4 protein, they will have about 
75% homology in those regions to bind to gpl20. 

Illustrative CD4 fragments include those disclosed in the patent and/or scientific literature, 
e.g. Nature, vol 337, p. 5250 1 (1989) or US Patent Application Serial No. 333.516; filed 5 March 
1989 (TUC's 183 fragment). 

The novel conjugates of the subject invention (compounds of Formula I or II and 
aniibody/CI>4) are effective when administered intravenously (IV) in fluid solutions by bolus 
injection or by infusion. The preferred doses are 0.01 microgram/kg to 1000 microgram/kg On 
terms of compound I or II) by bolus injection and 0.0002 to 20 microgram/kg/min by infusion. 
TTje exact dose wUI vary depending on the particular compound as well as the age, weight, route 
of administration, and physical condition of the patient, and on the frequency of administration. 
Generic Examplft 1 

Coupling of carboxy terminated Compounds I or U (eg. formulas A'. B', C* and the like) 
15 with active amine, guanidine, or hydrazide moiety of linker. See CHART 1. 

A 0.1 mMole quantity of the carboxy terminated CPI compound is dissolved in an aprotic 
solvent or mixture of aprotic solvents such as DMF, DMA, THF, dioxane, etc. (preferably DMA 
or DMF) to give a concentration of 0.01 to 1.0 M. The resultant solution is stirred at -10« to 
lOOT (preferably at 20-25*C) and treated with a peptide coupling agent such as etiiyl 
20 dimethylaminopropyIcarbodiimidehydrochloride(EDq,dicydohexylcarbodiimide(TC 

chlorofbrmate, or pivaloyi chloride, etc. fivcferably EDO) either in the presroce or absence of a 
coupling mediator such as N-hydroxy-benzotriazole or N-hyroxysuccinimide, etc. The resultant 
solution may be premixed widi a suitable linker (eg, a protected hydrazine such as HjNNHBoc) 
so that both the CPI and the linker start at the same molar concentration or the Imker may be 
25 dissolved in the same or other aprotic solvent, as listed above, and die linker solution added to the 
CPI compound-peptide coupling agent mixture (with or without coupling mediator) until tiie same 
molar concentration of CPI carboxylae and linker are reached. The reaction is stirred at -10* to 
lOO^C (preferably at 20-25-O 1 min to 48 hr (preferably 2A hr). The reaction is then diluted 
with water and the product eitiier collected by filtration or extracted with a water immiscible 
solvent such as methylene chloride or ethyl acetate. If extracted the exuact is dried and 
e'/aporated. This product or Aat collected by fUtration is purified by crystallization or by 
chromatography using either silica gel or other normal phase support or by reverse phase 
chromatography on C-2, C-8, or C-18 silica gel. 
Generic Eiramply 7 

Coupling of amino terminated Compounds I or n (eg. formulas D\ E\ F' and the like) 
with active carboxyl moiety of linker. See CHART 2. 
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A 0.1 mMole quantity of the carboxyl tenninated linker is dissolved in an aprotic solvent 
or mixmre of aprotic solvents such as DMF, DMA, THF, dioxane, etc. (preferably DMA or DMF) 
to give a concentration of O.Ol to 1.0 M. The resultant solution is stirred at -lO"* to 100**C 
(preferably at 20-25 **C) and treated with a peptide coupling agent such as ethyl 

5 dimethylaminopropylcarbodiimidehydrochloride(£DC), dicyclohexylcarbodiimide(DCC) isobutyl 
chloroformate, or pivaloyl chloride, etc. (preferably EDC) either in the presence or absence of a 
coupling mediator such as N-4iydroxy-benzotriazole or N-hyroxysuccinimide, ^c. The resultant 
solution may be premixed with the amino or hydrazido terminated CPI compound so that both the 
CPI and the linker start at ihe same molar concentration or the CPI compound may be dissolved 

10 in the same or other aprotic solvent, as listed above, and the CPI compound solution added to the 
linker-pq)tide coupling agent mixture (with or without coupling mediator) until the same molar 
concentration of CPI carboxylate and linker are reached. The reaction is stirred at -10"^ to 100°C 
(preferably at 20-25*C) 1 min to 48 hr (preferably 2-4 hr). The reaction is then diluted with water 
and the product either collected by fdtration or extracted with a water immiscible solvent such as 

IS methylene chloride or ethyl acetate. If extracted the extracted is dried and evaporated. This 
product or that collected by filtration is purified by crystallization or by diromatography using 
dther silica gel or other normal phase support or by reverse phase chromatography on C-2, C-8, 
or C-18 silica gd. 
CCTffig E^^OTPk,? 

20 Coupling of linker as ester prodrug to Compound I or H, (formulas G\ H' or the like). 

See CHART 3. 

The CPI compound is dissolved at 0.01 to 3 M in an aprotic solvent such a pyridine, 
methylene chloride, THF, etc (preferably pyridine where no additional tertiary amine need be 
added) and the solution treated with a tertiary amine such as triethylamine, pyridine, or 

25 ediyldisopropylamine and the solution stirred at 'iC to lOO'^C. To this solution is added the linker 
acyl halide (preferably the acylchloride) and the resultant solution stirred at -10^ to iOO^C 
(preferably at 20-25*'C) 1 min to 48 hr preferably 2-4 hr). The reaction Is then diluted with 
. water. If a product precipitates as a solid It may be collected by filtration. Alternatively, the 
aqueous mixture may be extracted with a water Immiscible solvent such as methylene chloride or 

30 ethyl acetate. The organic layer is washed with 5% aqueous sodium bicarbonate, dried over 
zsgnesium sulfate or sodium sulfate, and concentrated in vacuo. The product obtained thus from 
the extraction or as above by filtration may be further purified by normal phase chromatography 
on silica gel, alumina or other solid support or may be purified by reversed phase chromatography 
over C-2, C-8, or C-18 silica gel. 

35 Generic Example 4 

Removal of N-Boc or t-butyl ester protecting group from linker attached to CPI compound. 
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D^rotection of compounds of formulas such l\ V and the like. See CHART 4. 

The N-Boc or t-butyl ester protected linker atuched to the CPI compound is dissolved a 
0.01 to 2 M in a solvent such as ethyl acetate, dioxane, or methylene chloride and the solution 
stirred at -50* to lOOX (preferably at 20-25^C). This solution is treated with an acid known in 
the art for removal of N-Boc or t-Butyl ester groups such as HCl gas (1-3 M in ethyl acetate) or 
trifluoroacetic acid for 1 min to 48 hr (preferably 2-4 hr). After the designated time the reaction 
is concentrated in vacuo. The product thus obuined may be further purified by normal phase 
chromatography on sUica gd, alumina or other solid support or may be purified by reversed phase 
chromatography over C-2, C-8, or C-18 silica gel. 
Generic Example 5 

Removal of N-Cbz or benzyl ester protecting group from linker attached to CPI compound. 
Deprotection of compounds of formulae such as K\ V and the like. See CHART 5. 

The N-Cbz (N-carbobenzyloxy or N-benzyloxycarbonyl) or benzyl ester protected linker 
attached to the CPI compound is dissolved at 0.01 to 2 M in a solvent or combination of solvents 
such as MeOH, MeOH-THF, MeOH^ioxane, etc. and the solution stirred at -50' to 100**C 
(preferably at 20-25 **C). This solution is treated from 0.01 to 3 M equivalent of a hydrogenolysis 
catalyst such as palladium metal, 5% palladium on carbon, Raney nickel, rtc. (preferably 5-1096 
palladium on carbon at 0.01-0.2 molar equivalents). The solution may be hydrogenated directly 
with hydrogen at 1-5 times atmospheric pressure for 10 man to 43 hr (prefwably 2-4 hr) or 
alternatively the solution of compound and catalyst may be treated with ammonium formate, formic 
acid, cyclohexadiene or other phase transfer catalytic hydrogenation hydrogen donors (preferably 
ammonium formate) and the resultant mixture stirred for 1 mm to 48 hr preferably 5 min to 3 hr). 
At the end of the designated time the reaction is filtered and the filtrate concentrated in vacuo. The 
produa thus obtained may be further purified by normal phase chromatography on silica gel, 
alumina or other solid support or may be purified by reversed phase chromatography over C-2, 
C-8, or C-18 silica gel. 
qCTgri<?Fx?pip|e<^ 

Coupling of linker as urethane prodrug to compounds n, eg. formulas M\ See CHART 

6. 

TTie phenolic CPI compound is dissolved at 0.01 to 3 M in an aprotic solvent such a 
pyridine, methylene chloride, THF, etc Cnreferably pyridine where no additional terUary amine 
need be added) and the solution tteated with a catalyst such as dibutyltinacetate or a tertiary amine 
such as triethylamine, pyridine, or ethyldisopropylamine and the solution stirred at -10** to 100*C. 
To this solution is added the linker isocyanate, chlorocarbamate or other activated aminocarbonyl 
derivative and the resultant solution stirred at -10*^ to 100**C (preferably at 20-25'Q 1 min to 48 
hr (preferably 2^ hr). The reaction is then diluted with water. If a product precipitates as a solid 
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it may be collected by ftltration. Alternatively, the aqueous mixture may be extracted with a water 
immiscible solvent such as methylene chloride or ethyl acetate. The organic layer is washed with 
5% aqueous sodium bicarbonate^ dried over magnesium sulfate or sodium sulfate, and concentrated 
in vacuo. The product obtained thus from the extraction or as above by filtration may be further 
S purified by normal phase chromatography on silica gel, alumina or other solid support or may be 
purified by reversed phase chromatography over C-2, C-8, or C-18 silica gel. 
Ggnfflc Example 7 

Cot^>ling of carboxy terminated CPI-linker structures* eg. formulas P', Q*, R' and the like 
with aaive amine, guanidlne» or bydraude moiety of monoclonal antibody (Mab) or CD4. See 
10 CHART 7. 

A 0. 1 mMole quantity of the carboxy terminated CPMinker compound is dissolved in an 
aprotic solvent or mixture of aprotic solvents such as DMF, DMA, THF, dioxane, etc. (preferably 
DMA or DMF) to give a concentration of 0.01 to 1 .0 M. The resultant solution is stirred at -lO*" 
to 100**C (preferably at 20-25 ^C) and treated with a pq)tide coupling agent such as ethyl 

15 dimethylaminopropy 1 carbodiimide hydrochloride (EDQ, dicyclohexylcarbodiimide(DCC) isobutyl 
chloroformate, or pivaloyl chloride, etc. (preferably EDC) either in the presence or absence of a 
coupling mediator sudi as N-hydroxy-benzotriazole or N^yroxysuccinimide, etc. The resultant 
solution IS added to HN terminated Mab or CD4 protein dissolved in a polar solvent such as DMF, 
DMA, formamide, or water, buffered water at or near isotonic salt concentrations at pH 6.5*8.0 

20 (preferably about 7.0-7.5), or a mucture of any of such solvoits until the same molar concentration 
of CPHinkcr carboxylate and protein are reached. The reaction is stirred at -10' to 100**C 
(preferably at 20-25*C) 1 min to 48 hr (preferably 2-4 hr). The reaction is then diluted with 
water, a water salt mixture such as aqueous ammonium sulfate,an alcohol such as methanol or 
cthanol and the product either collected by filtration or the produrt may dialyzed and the aqueous 

25 residue freeze dried. This product or that collected by filtration is purified by salt precipitation 
procedures or by chromatographics such as size exchision chromatography, affinity 
chromatography or reverse phase chromatography on C-18 silica gel. 
Generic Example 8 

Coupling of amino, guanidino, or hydrazido terminated CPMinker structures, eg. formulas 
30 T, U', V* or the like with activated carboxyl of monoclonal antibody (Mab) or CD4 (see Chart 
8). 

A 0.1 mMole quantity of the carboxy Mab or CD4 is dissolved in water, buffered water 
at or near isotonic salt concentrations at pH 6.5-8.0 (preferably about 7.0-7.5), or a polar solvent 
such as DMF, DMA, or formamide or a mixture of such polar solvents and water at 10-30'C. 
35 The solution of the -NH terminated CPMinker compound is dissolved in an aprotic solvent or 
mixture of aprotic solvents such as DMF, DMA, THF, dioxane, etc. (preferably DMA or DMF) 
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to give a concentration of 0.01 to 1.0 M which is added to the carboxyl terminated protein 
solution. The resultant solution is stirred at 0" to 100"C (preferably at 20-25*Q and treated with 
0.8 to 5.0 molar equivalents (preferably one equivalent) of a peptide coupling agent such as ethyl 

dimethylaminopropylcarbodiimidehydrochloride(EDQ,dicycIohexylcarbodiimlde(DCQ 
5 chloroformate, or pivaloyl chloride, etc. (preferably EDC) either in the presence or absence of a 
coupling mediator such as N-hydroxy-benzotriazole or N-hyroxysuccinimide, etc. The reaction is 
stirred at 0* to lOO^C (preferably at 20-25*C) 1 min to 48 hr (preferably 2A hr). The reaaion 
is then dUuted with water, a water salt mixture such as aqueous ammonium sulfete, an alcohol such 
as methanol or ethanol and the product either collected by filtration or the product may dialyzed 
10 and the aqueous residue freeze dried. This product or that collected by filtration is purified by salt 
precipitation procedures or by chromatographics such as size exclusion diromatography, affinity 
chromatography or reverse phase chromatogrq>hy on C-18 silica gel. 
Generic Example 0 

Reduction of thiopyridyl terminated thiol fi c. pyridyl disulfide) CPHinker structures, eg. 

15 formulas X' and Y* and the like to thiol. See CHART 9. 

A 0.1 mMole quantity of the thiopyridyl terminated thiol CPMinker is dissolved in water 
or a polar solvent such as DMF, DMA. or formamide or a mixture of such polar solvents and 
water at 10-50*C. To this is added an excess (2 to 50 fold excess, preferably 5 to 10 fold) of a 
reducmg agent such as dithiothreitol and the mixture stirred for 5 min to 48 hr (preferably 30 min 

20 to 2 hr). Hie product thiol may then be isolated by precipitation with water or a non polar solvit 
or by extraction in an oxygen free environment. TTie material from precipitation or extraction may 
be used direcUy in the next step or be further purified by crystallization, selective precipitation, 
or chromatography in an oxygen free environment. Suitoble chromatographic procedures include 
size exclusion chromatography, affinity chromatography or reverse phase chromatography on C-18 

25 silica gel. 

Generic Example |Q 

Coupling of thiol linker terminated CP! eg, structures AA' and AB\ to thiol terminated 
Mab via disulfide linkage. See CHART 10. 

A 0.1 mMole quantity of the thiol terminated Mab is dissolved in water, aqueous buffer 

30 at pH 3 to 10 (preferably at pH 7 to 8) and at a salt concentration near isotonic, or in aqueous 
mhtures with a polar solvent VKh DMF, DMA, or formamide or a mixture of such polar 
solvents at 10-50*C. To this is added an excess (2 to 50 fold excess, preferably 5 to 10 fold) of 
a of die thiol linker terminated CPI compound and the mature stirred whUe bubbling oxygen 
tiirough for 5 min to 48 hr (preferably 30 min to 2 hr). TTie product Mab disulfide linked CPI 

35 compound may then be isolated by precipitation with water, aqueous salt solutions such as 20% 
ammonium sulfate or saturated sodium sulfate, or a non polar solvent. Alternatively the product 
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may be freed from low molecular weight impurities by dialysis. The material from precipiution 
or dialysis may be further purified by crystallization, selective precipitation, or chromatography. 
Suitable chromatographic procedures include size exclusion chromatography, affinity 
chromatography or reverse phase chromatography on C-18 silica gel. 

5 Generic Example 11 

Coupling of thiopyridyl terminated thiol G*e* pyridyl disulfide) CPMinker structures^ eg. 
formulas X*, Y* and the like to thiol terminated Mab. See CHART 1 1 . 

A 0.1 mMole quantity of the thiopyridyl terminated thiol CPI-llnker is dissolved in water 
or a polar solvent such as DMF, DMA» or fDnnamide or a mixture of such polar solvents and 

10 water at lO-SO^'C. To this is added 0.5 to 3 equivalent O^referably 1 equivalent of thiol terminated 
antibody and the mixture adjusted to pH 0 to 5 (preferably pH 3 to 4) with an organic or inorganic 
acid or preferably with a buffer of those acids. The mixture is stirred for 5 min to 48 hr 
(preferably 30 min to 2 hr). The produa disulfide may then be isolated and purified as in example 
11 above. 

IS Generic Example 12 

Coupling of N-maleimide terminated CPI-linker structures, eg. formulas AD\ AE' and the 
like to thiol terminated Mab. See CHART 12. 

A 0.1 mMole quantity of the N-maleimide CPMinker is dissolved in water or a polar 
solvent sudi as DMF, DMA, or formamide or a mixture of sudi polar solvents and water at 0- 

20 SOT. To this is added O.S to 3 equivalents (preferably 0.8 to 1.2 equivalents) of a thiol 
terminated Mab dissolved in water, an aqueous buffer of pH 3 to 10 (preferably pH 6 to 8) or a 
mixture of the previous solvents with polar solvents such as DMF, DMF or formamide and the 
mixture allowed to stand at 0-50'C (preferably 5-20'C) for 5 min to 48 hr (preferably 30 min to 
2 hr). The product may then be isolated by precipitation with water, aqueous salt solutions such 

25 as 20% ammonium sulfate or saturated sodium sulfate, or a non polar solvent. Alternatively the 
product may be freed from low molecular weight impurities by dialysis. The material from 
precipitation or dialysis may be further purified by crystallization, sdective precipitation, or 
diromatography. Suitable chromatographic procedures include size exclusion chromatography, 
affinity chromatography or reverse phase chromatography on C-18 silica gel. 

30 Qmm Bi^mvk \i 

Coupling of hydrazido terminated CPMinker structures, eg. formulas AG*, AH* and the 
like to formyl terminated Mab. See CHART 13. 

A 0.1 mMole quantity of the hydrazido terminated CPMinker is dissolved in water or a 
polar solvent such as DMF, DMA, or formamide or a mixture of such polar solvents and water 
35 at O-SO^'C. To this is added 0.5 to 3 equivalents (preferably 0.8 to 1.2 equivalents) of a formyl 
terminated Mab (prepared by cleavage of Mab glycosyl residue as in known in the art) dissolved 
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in water, an aqueous buffer of pH 3 to 10 (preferably pH 4 to 6) or a mixture of the previous 
solvents with polar solvents such as DMF, DMF or formamide and the mixture allowed to stand 
at 0-50X (preferably 5-20*C) for 5 mln to 48 hr (preferably 30 min to 2 hr). TTie product 
hydrazone may then be isolated by precipitation with water, aqueous salt solutions such as 20% 
5 ammonium sulfate or saturated sodium sulfate, or a non polar solvent. Alternatively the product 
may be freed from low molecular weight impuriUes by dialysis. TTic material from precipitation 
or dialysis may be further purified by crystallization, selective precipitation, or chromatography. 
Suitable chromatographic procedures indude size exclusion chromatography, affmity 
chromatography or reverse phase chromatography on C-18 silica gel. 
10 Generic Eicample |4 

Coupling of amino terminated CPI-linker structures, eg. formulas AJ\ AK\ and the like 
to formyl terminated Mab. See CHART 14. 

A 0. 1 mMole quantity of the amino terminated CPMinker is dissolved m water or a polar 
solvent such as DMF, DMA, or formamide or a mixture of such polar solvents and water at 0- 

15 SOT. To this is added 0.5 to 3 equivalents (preferably 0.8 to 1.2 equivalents) of a formyl 
terminated Mab (prq)ared by cleavage of Mab glycosyl residue as in known in the art) dissolved 
in water, an aqueous buffer of pH 2 to 6 (preferably pH 3 to S) or a mixture of the previous 
solvents with polar solvents such as DMF. DMF or formamide and the mixture treated with 1 to 
100 equivalents of sodium cyanoborot.ydride (preferably S to 10 equivalents) and the mixture 

20 sUrred at 0-SOT (preferably S-IO^Q for 5 min to 48 hr (preferably 30 min to 2 hr). The product 
amine may then be isolated by precipitation witfi water, aqueous salt solutions such as 20% 
ammonium sulfate or saturated sodium sulfate, or a non polar solvent. Alternatively the product 
may be freed from low molecular weight impurities by dialysis. TTie material from precipitation 
or dialysis may be further purified by crystallization, selective precipitation, or chromatography. 

25 Suitable chromatographic procedures include size exclusion chromatography, affmity 
chromatography or reverse phase chromatography on C-18 silica gel. 
Generic FTamplp|^ 

Maleimide based coupling of monoclonal antibodies (Mab) or CD4 fragments with 
compounds of Formula I or U, eg. Compounds of Formula AA% AC, AF' and the like. See 
30 CHART 15. 

Maletmidc terminated proteins can be pr^ared as described for the preparation of pq)tide 
labeled carrier proteins suitable for elicitation of pq)tide specific antibody responses. 

References: J.A. Nicholas et al, J. Virology 62. 446S-4473 (1988); F.-T. Liu et al. 
Biochemistry 18, 690-697 (1979). 
35 Succinimidyl 4-(N-ma]eimidomethyl)cyclohexane-l-carboxylate (0.5-40 equivalents, 

preferably 0.8-10 equivalents) or some other heterofimctional ciosslinking reagent which contains 
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an N4iydroxysucciniinidyl ester on one end and a maleimido group on the opposite end is dissolved 
in water or a polar solvent such as DMF, DMA or fonnamide and the solution is added to a stirred 
solution of protein (0.1 mMol) dissolved in 0.01 N sodium phosphate, pH 7.0, (0.75 ml). This 
mixture is stirred for 5 min - 4 hrs (preferably 20 min to 1 hr) at 0-50*'C 0>referably 5-25 ''C) and 
5 loaded directly onto a Sephadex 0-25 column previously equilibrated at 4^C with 0.1 N sodium 
phosphate, pH 6.0. The column is run in the same buffer at 4'C. The first peak duted contains 
the maleimide terminated protein which is suitable for direct coupling with a thiol terminated CPI- 
linker. 

Coupling of thiol termmated CPMinker structures (R5o«SH) (cpds such as T\ U\ V*) to 

10 nudeimlde terminated proteins such as Mab» biologically active soluble human CD4 fragments or 
truncated forms of soluble human CD4. 

A 0.1 mMole quantity of the maleimide terminated CD4 is pr^ared in water, aqueous 
buffer of pH 3-10 (preferably pH 6-8) or a mixture of the previous solvents with polar solvents 
such as DNfF, DMA, or formamide. To this is added 0.5^ equivalents (preferably 0.8-10 

15 equivalents) of a thiol terminated CPI-linker compound dissolved in water or a polar solvent such 
as DMF, DMA or formamide or a mixture of sudi polar solvents and water a 0-50°C and the 
mixture allowed to stand at 0-50**C Q>refierably S-25*C) for 5 min to 48 hr (preferably 30 min to 
2 hr). The product may then be isolated by precipltadon with witter, aqueous salt solutions such 
as 20% ammonium sulfate or saturated sodium sulfate, or a nonpolar solvent. Alternatively, the 

20 product nmy be freed from low molecular weigbt inqiurities by dialysis. The material from 
precipitation or dialysis may be further purified by crystallization, selective precipitation, or 
chromatography. Suitable chromatographic procedures include size exclusion chromatography, 
affmity chromatography or reverse phase diromatography on C-18 sUica gel. 

The compounds of formula I and n are also useful as antibaaerial agents. These 

25 compounds are useful to control the proliferation of susceptible microbes in various environments 
using standard microbiological techniques. Such environments include dental utensils contaminated 
with aureus , and the like, and laboratory benches in a microbiological laboratory which can be 
cleansed with a formulation conuining about 1-10% (w/v) of a compound of formula I or II. 
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CHART 1 

0 OH 
Ar-( linker) -COH + H^m - Ar- (linker) -C nr 

where Ar (linker) -co^H a a',B',C' shown below and R = 
5 linker moiety. 

For example: 



10 



15 




A' 

20 
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CHART 2 



R' R'O 
Ar- (linker) -NH + HO.C - R - Ar- ( linker) -il-C-R 



R' 

where Ar-( linker) -NH b d'^E' and F' shown below 



and R is a linker moiety. 




35 



F' 
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CHART 3 
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CHART 4 

Ar- ( linker) -NH-Boc - Ar-( linker) -NH^ 

where Ar- { linker) -NHBoc a I', J' shown below. 



10 




15 



20 



25 




0 



30 




30 
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CHART 6 

f Z 




25 N' 
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CHART 7 



O 
II 



Ar- (Linker) -cOjH + NHj - Mab - Ar- ( linker) -C-N-Mab 

H 



10 



Ar- (linker) -cOjH + NH^-CD. - Ar- (1 inker )-cij-CD. 

H * 

where Ar- (linker) -CO.H ■ P',Q',R' shown below 



IS 




CH2)„-002l 



20 



25 




30 



35 




CC82)n-C02H 



R' 
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CHART 8 

R 0 

Ar- (linker) -NHR + HOjC-Mab Ar- ( linker) -NH-C-Mab 

or 

5 R 

HO^C- (CD^) R- (linker) -NH-C-CD^ 

O 

where Ar- ( linker) -NHR h T',U',V' shown below* 
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CHART 9 



Ar- (linker) -S-S-pyridine + HSCHjCHOHCHOHCH^SH - Ar- (linker) -SH 
where Ar- (linker) -SS -pyridine ■ X',Y' shown below. 




V z 
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CHART 11 



Ar- ( linker) -s-S-pyridine + HS-Mab - Ar-{ linker) -S-S-Mab 



where Ar- (linker) -S-S-pyri<Jine ■ X', Y' shown below. 



10 



IS 




20 



25 



30 



f Z 




35 



Y' 
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CHART 12 
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CHART 13 



Ar- (linker) -iiNHNHj OHC-Mab Ar- { linker) -§NHN=CH-Mab 

0 

where Ar-( linker) -CNHNH^ e AG', AH' shown below. 




30 



AH' 
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CHART 15 (cont'd.) 




wo 91/16324 



PCr/US91/027a4 




30 



Compound 3 




35 



Compound 8 
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FORMULA CHART rconl-^n.^o^) 
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. HQ 

Compound llB 
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FORMULA CHART rcontlnu^dl 




30 

• SCI 



Compound 14 
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FORWJIA CHART reftn1:<nno,^) 



E3C 

B,C-4-0-C-NH-»H- 



10 




Compound 15 



15 



20 




H .HCl 
Compound 16 



30 




35 



Compound 17 
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FORMULA CHAI^y (pQntj.nue^) 




Compound . 18 



20 

0 




^2 



Compound 19 
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FORMULA CHART rcQn1><n"^(1} 
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fQimU?J^ CHART (continM^d) 



0 




Compound 23 
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GENERAL FORMULAE CHART 




IS 




C 



D 
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GENERAL FORMULAE CHART (continued^ 




IS 




J 



K 
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qENERAL FORMULAE CHART rconl^intiAH) 



5 

H 




M 
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GENERAL FORMUIAE CHAR T fconttnu^H^ 




25 
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GRWERAL FORMULAE CHART (continued^ 

5 




X 



wo 91/16324 



PCr/US91/02704 



-84- 

GENERAL PORWTLAE rwAP^r f^ ^ p^i^ ^ j ^ ^^ 
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GENERAL FORMULAE CHART fcontinued) 



0 0 
II II 
t-BuO - CBNHHC 



COOCB2CH3 



EE 



0 0 
II II 

t-BuO ^ CBNBNC 




FF 




0 0 
II II 




O00CB2^3 
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GENERAL FORMULAE CHART (continued) 





25 




(S03)«10 

*72 
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QENERAL FORMTTTAE CHABT /n»^^in,^^^^ 

(a) 
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GEWERAL FORMUI AE CHART fcontinuef^) 
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TAiBLEI 



5 



Comoound # 




RT Admin. 


Day of 


Dose 




Jssi 


Tumor/Drag 


Dosing 


MEACG 




IIA 


L1210 


IP/IV 




0.20 


173 


12 


L1210 


IP/IV 




0.20 


200 


13 


L1210 


IP/IV 




0.20 


213 


15 


L12I0 


IP/IV 




0.20 


180 


14 


L1210 


IP/IV 




0.20 


188 


16 


L1210 


IP/IV 




0.10 


181 


18 


L1210 


IP/IV 




0.20 


133 


21 


L1210 


IP/IV 




0.20 


156 


22 


L1210 


IP/IV 




0.40 


172 
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TABLE in 

Linker Groups for Attachment of Therapeutic Agents 

(TA) to Antibody Molecules 

A. Linkers for Cleavage by CI 

5 -lys- 
(a.a)n4- -tyr- 
-phe- 
-arg- 

B. Tripeptide Sequences for Cleavage by 04,2 
10 -leu-ala-arg- 

•leu-ala-lys- 
•leu-ala-tyr- 
-leu-leu-arg- 
-leu-leu-lys- 

15 -leu-leu-tyr- 

-leu-gly-arg- 
(a.a)n4- -leu-g!y-!ys- 
-leu-gly4yr- 
-leu-val-arg- 

20 -leu-ca]4ys- 

-leu-val-^- 
-leu-ile-arg- 
-leu-ile-Iys- 
-leu-ile-tyr- 

25 

-ala-ala-arg- 
-ala-ala-lys- 
-ala-ala-tyr* 
-ala-leu-arg- 

30 -ala-leu-iys- 

-ala-leu-tyt- 
-ala-gly-arg- 
(a.a.)n4- -ala-gly-lys- 
-ala-gly-tyr- 

35 -ala-val-arg- 

-ala-val-lys- 
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III. B. Tripeptide Sequences for Cleavage by C4,2 (cont'd) 

-ala-val-tyr- 
-ala-ile-aig- 
-ab-ile-lys- 

5 -ala-ile-^- 

-gly-ala-arg- 
-gly-ala-lys- 
-gly-ala-tyr- 
-gly-leu-arg- 

10 -gty-leu-lys- 

•gly-gly-arg- 
-gly-gly-ly$- 
-gly-gly-tyr- 
-gly-val-arg- 

15 -g!y-val-lys- 

-gly-val-tyr- 
-gly-ile-arg- 
-gly-ile-lys- 
-gly-ile-tyr- 

20 

-val-ala-arg- 
-val-ala-lys- 
-val-ala-^- 
-val-leu-arg- 

25 -val-Ieu-lys- 

-val-leu-tyr- 
-val-gly-arg- 
(a.a)„4- -va]-gly4ys- 
-val-gly-tyr- 

30 -val-val-arg- 

-val-vaHys- 
-val-val-tyr- 
-val-ile-arg- 
-val-fle-lys- 

35 -val-ile-tyr- 

-ile-ala-arg- 
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m. B. Tripeptide Sequences for Cleavage by C4,2 (cont'd) 

-ile-ala-Iys- 
-ile-ala-tyr- 
-ile-leu-arg- 

5 -ile-leu-lys- 

-He-Ieu-tyr- 
-i!e-gly-arg- 

(a.a)n4- -ile-gly-lys- 
-Ue-gly^yr- 

10 -ile-val-arg- 

-lle-val-lys- 
-ile-val-tyr- 
-ile-ile-arg- 
-ile-Oe-lys- 

15 -Ue-ile-tyr- 
ni. C. Pq>tide Sequences for Cleavage by C4, 2 

-leu-gly- 
-leu-leu- 
-leu-ala- 

20 -l«i-val- 

-leu-Qe- 
-gly-gly- 
-gly-lwi- 
-gly-ala- 

25 -gly-val- 

-ala-gly- -Tripeptid^ 

-ala-Ieu- 

-ala-aia- 

-ala-val- 

30 -ala-ile- 

-val-gly- 
-val-leu- 
-val-ala- 
-val-val- 

35 -val-ile- 

-ile-gly- 
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in. C. P^ttde Sequences for Cleavage by C4, 2 (cont'd) 

-ile-Ieu- 
-i!e-ala- 
-Qe-val- 

^ *Ue^ae- 

wherein (a.a) represents any naturally occurring amino acid (and can be the same or 
different) and ^4 0-5. 
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V 



IS 




II 



I 



R'15 
20 

wherein W is selected from C1-C5 alkyi, phenyl or hydrogen; 

wherein X is selected from azido, a halogen atom, cyanate, thiocyanate, isocyanate, 
thioisocyanatc, phosphate diester (-P0(0R)2), phosphonyl (-O-POjR). thiophosphonyi(-OPSOR). 
sulfinyl (-0-SOR) or sulfonyl (-O-SOjR); 
25 wherein D is R15 or R*|5; 

wherein Q is Y when D is 

wherein Q is Y* when D is Rj5; 

wherein Y is selected from hydrogen, -C(0)R, -C(S)R, -C(0)ORi, -S(0)2Ri, 
-CCONRjRj^ -C(S)NR2R3, .C(0)NHS02R4. -C(0)CH2(OCH2CH2)„70(Ci-C3 alkyl) and is 
30 0-5, or -C(0)(CH2)a8C(0)Rb where „g is 0-10 and R^ is selected from -OH (or a metal or amine 
salt thereof), -OR, where R, is -CH2C(CH20H)3 or R70, and -NCRj) R^ where R^ is hydrogen 
or Ci^4 alkyl, and R^ is selected from ^(CH20H)3, -CH2C(CH20H)3, -CH2C(CH2NH2)3, R^q, 
R7lOrR72 

where R7Q is 
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OH 




where n9 is 1 or 2 and nlO is 1-3; 



wherein V is selected from -C(0)Rio. -C(S)Rio, -C(0)ORio, "SWio^ -CCONRjjRij, 
-C(S)NRi2Ri3, or -C(0)NHS02Ri4; 
25 wherein Z is selected from the group consisting of C1-C5 alkyl, phenyl or hydrogen; 

wherein R is selected from the group consisting of CyC^ alkyl; C2-<^6 alkenyl; Cj-C^ 
alkynyl; phenyl optionally substituted widi one, 2 or 3 C1-C4 alkyl, Cj-Cj alkoxy, halo, Cj-Cj 
alkylthio, trifluoromethyl, C^'C^ dialkylamino, or nitro; naphthyl optionally substituted with one 
or 2 C1-C4 alkyl, Cj-Cj alkoxy, halo, trifluromethyl, C2-C6 dialkylamino. C1-C3 alkyltfiio or 
30 nitro; 

wherein R, is selected from Ci-CjO or phenyl optionally substituted with one. 2 or 
3 C1-C4 alkyl, C^-C^ alkoxy. halo, C1-C3 alkylthio, trifluoromethyl, C2-C6 dialkylamino. or 
nitro; 

wherein R2 and R3. being the same or different, are selected from hydrogen, C1-C20 alkyl, 
35 or phenyl optionally substituted with one, 2 or 3 C1-C4 alkyl, Cj-Cj alkoxy, halo, C1-C3 
alkylthio, trifluoromethyl, Cj-Cg dialkylamino, or nitro; with die proviso that both Rj and R3 



m 



10 
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cannot be phenyl or substituted phenyl; 

wherein R4 is selected from C,-Cio alkyi; phenyl optionally substituted with one, 2 or 3 
C1-C4 alkyl, Cj-Cj alkoxy, halo, €,-€3 alkylthio, trifluoromethyl. Cj-Cg dialkylamino, or nitro; 
naphthyl optionally substituted with one or 2 C1-C4 alkyl, C1-C3 alkoxy, halo, trifluromethyl, C2- 
S dialkylamino, C1-C3 alkylthio or nitro; 

wherein Riq, Rjj and Rj4, being the same or different, are selected from -{C1-C20 
alkyi)(CH2)^R50 or -(phenyl optionally substituted with one or two C1-C4 alkyl, Ci-C^ alkoxy, 
halo, C,-C3 alkylthio, trifluoromethyl, C2-C^ dialkylamino, or nitro)(CH2)nR5o; 

wherein n is 0-10; 

wherein R5Q is selected from the group consisting of 
fi) -CO2H; 

Oi) -CH2NH2J 

Ciii) -SH; 

fiv) -C(R^ai6l)-SH wherein and R^,, being the same or different, are €,-€4 
IS alkyl or H; 

(V) -NHC(0HCH2)nj-C(R«,)(Rgl)-SH wherein R«) and Rg, are defmed above and 
Dj is 0-5; 

(vi) -C(0)NHNH2(hydrazido); 

(vii) -NHNHj (bydrazino): 

20 (vili) -CH2OH (hydroxymethyl); 

Ox) -NHC(S)NH2 (thioureido); 

(x) -CHjNHCCONHj: 

(xi) -NHC(S)NHNH2; 

(xlO -CCOCHjXi pCj is a halogen); 

25 (xili) -CH2X1 (halomethyl) wherein is a halogen; 

(xiv) -CHO (aldehyde); 



(xv) -C(0)-0-N j (N-hydroxysucclmldyl); 



(xvl) 



-H ' I (aalelmlde) ; 
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(xvii) -C(R^(R^i)C(0)NHNH2 wherein R^o and R^j, being the same or different, are 
C1-C4 alkyl or H; 

(xviii) -0(CH2)n,C(lVio)(R^,)C(0)NHNH2 wherein R^. R^^, and n, aredefined above; 

(xix) •N(R^2)(CH2)niCaW(R6i)C(0)NHNH2 wherein R^, R^j and R^j are 
indq)endently selected from C1-C4 alkyl or H and nj = 0-5; 

(XX) -0(CH2)^C(R^(R^,)C(0)NHNH2 (nj = 1-5); 

(xxi) -NHR51; 

(xxii) -C(0)NHNHR5j; 

(xxiii) -NHNHR51; 

wherein R5J is an amine protecting group such as BOC (t-butoxycarbonyl), FMOC (9- 
fluorenylmethyloxycarbonyl), TFA (trifluoroacetate)amide), ALLOC (alloxycarbonyl), CBZ 
(benzoxycarbonyl), or TROC (trichloroetfioxycarbonyl); 

(xxiv) -NHC(=NH)NH2 (guanadinyl); or 

(XXV) -B.M-(CH2)n3R52 wherein nj = 0-5; R52 is the same as R50 above (groups © • 
15 (xxiv) only); 

wherein B is an ester [^(Oy or -0(0)0-] or amide [-NHC(0)- or .C(0)NH.J bond; 
wherein M is defined below as any compatible peptide, carbohydrate, or other organic 
moiety imparting to the embodiment of this invention specific properties (e.g. chemical, 
photochemical, or enzymatic cleavabUity; branching for multiple site attachment of additional 
therapeutic agents of the invention; optima! spacing between therapeutic agent and antibody); for 
cleavage of linkers by smim complunent M can be selected from: 

Linker Groups for Atuchment of Ther^oitic Agents 
CTA) to Antibody Molecules 

A. Linkm for Cleavage by CI 

-lys. 

(a.a)n4- -tyr- 
-phe- 
-arg- 

B. Tripeptide Sequences for Cleavage by C4,2 

-leu-ala-arg- 

-!ei»-3b-iys- 
*lett-ala-tyr- 
-loi-leu-arg- 
-leu-leu-lys- 

35 -leu-leu-tyr- 

-l«i-gly-arg- 



20 



25 



30 
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III. B. Trip^tide Sequences for Cleavage by C4,2 (cont'd) 
(a.a),i4- -leu-gly-Iys- 
-leu-gly-tyr- 
-leu-val-arg- 
-leu-cal-lys- 
-leu-val-tyr- 
-leu-ile-arg- 
-leu-ile-lys- 
-Icu-ile-tyr- 



10 



-ala-ala-arg- 
•aia-ala-Iys- 
-ala-ala-tyr- 
•ala-leu-arg* 

15 -ala-leu-lys- 

-ala-leu-tyr- 
-ala-gly-arg- 
(a.a.)n4- -ala-gly-lys- 
-ala-gly-tyr- 

20 -ala-val-arg- 

-ala-val-Iys- 
-ala-val-tyr- 
-ala-ile-arg- 
-ala-Ue-lys- 

25 -ala-ile-tyr- 

-gly-ala-arg- 
-gly-ala-lys- 
-gly-ala-tyr- 
-gly-lcu-arg- 

30 -gly-leu-lys- 

-gly-gly-arg- 
-gly-gly-lys- 
-gly-gly-tyr- 
-gly-val-arg- 

35 -gly-val-lys- 

-gly-val-tyr- 
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ni. B. Tiipeptide Sequences for Cleavage by C4,2 (confd) 

-gly-Ue-arg- 
-gly-ile-lys- 
-gly-Ue-iyr- 

-val-ala-arg- 
-val-ala-lys- 
-val-ala-tyr- 
. -val'leu-arg- 
-vaI4ai-lys- 
-val-leu-tyr- 
-vai-gly-arg- 
(a»a)ii4- -val-gly-Iys- 
-val-gly-tyr- 

^5 -val*val-arg- 

•va]*va]-lys- 
-val-val-tyr- 
•val-ile-arg- 
-val-ile-lys- 

20 -val-fle-tyr- 

*fle-ala-arg- 
-Ue-ala-lys- 
-Ue-ala-^- 

25 -ile-leu-arg- 

-Ue-leu-lys- 
-ile-leu-tyr- 
-ile-gly-arg- 

(a.a)n4- -Ue-gly-lys- 
30 -Ue^gly-tyr- 

-fl^val-arg- 
-Ue-val-lys- 
-ile-val-tyr- 
-ile-ile-arg- 

35 -Ue-Ue-lys- 

-ile-Ue-tyr- 
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m. C. Pq)tide Sequences for Qeavage by C4, 2 

-leu-gly- 
-leu-leu- 
-i^-ala- 

5 -leu-val- 

•leu-Ue- 

.g|y.g|y 

-gly-leu- 
-gly-ala- 

10 -gly-val- 

.ala-giy- -Tripcptide? 

-ala-leu- 

-ata-ala- 

-ala-val* 

15 -ala-ile- 

-val-gly- 
-val*leu- 
-val-ala- 
-val-val- 

20 -val-ile- 

-ae-gly- 
-ile-leu- 
-ile-ala- 
-fle-val- 

25 -ile-Ue- 

wherein (a.a) r^resents any naturally occurring amino acid (and can be the same or 
different), tripeptide is any peptide of Section m.B and n4 ^ 0-5; 

wherein R^2 selected from hydrogen, C|-C2o or phenyl optionally substituted with 
one, 2 or 3 C1-C4 alkyl, C1-C3 alkoxy, baIo» C1-C3 alkylthio, trifluoromethyl, Cj-C^ 
30 diaikylamino, or nitio; 

wherein Rjj is a carbonylaryl grnijp ^ert«d frotp the group consisting of 
(a) 
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wherein Xg is -0-, -S-. -NH-; is ^H- or N; X,o is -0-, -S-, -NH-; Xj, is -CH- or -N-; X5 
may be the same or different and is H, OCH5, NO2, NHC(0)CH3. OH, halo, C,-C4 alkyl. Cj-Cj 
alltoxy. C2-Cg dtallcylamino, or NHC(0)qjH5; »«• ^6 » H. OCH3, NOj. NHCCOCHj. OH, 
halo, C,-C4 alkyl, Cj-Cj alkoxy, Cj-Cg dialkylamino, or NHC(0)C5H5; 
(bj 




w^ierein X5, Xg, X9 have the meanings defined above; 
(c) 




20 



25 



wherein X^, Xg, Xg, X9 have the meanings defined above; 

wherein R'jj is a carbonylaryl group selected from the group consisting of 

(d) 



wherein g is -0-, -S-, -NH-; X9 is -CH- or N; X,o is -0-, -S-. -NH-; Xjj is -CH- or -N-; 
X5 is the same or different and is H, OCH3, NOj, NHC(0)CH3, OH, halo, C,-C4 alkyl, €,-€3 
alkoxy, Cj-Cg dialkylamino, or NHCCOKTj^Hj; X^ is H. OCH3, NG^. NHCCOCHj, OH, halo, 
C1-C4 alkyl. C,-C3 alkoxy, Cj-Cg dialkylamino. or NHC(0X:gH5; n and R50 have die meaningi 
defined sbove; 



35 
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wherein Xg is -0-, -S-, -NH-; X9 is -CH- or N; is -0-, -S-, -NH-; Xjj is -CH- or 
-N-; X5 is H. OCH3, NO2. NHCCOCHj. OH, halo, €,-€4 allcyl, €,-€3 allcoxy, Cj-Cs 
dialkylamino, or NHC(0)C6H5; X^ is H, OCH3, NOj. NHCCOCHj, OH, halo, €,-€4 allcyl, Cj- 
C3 allcoxy, Ci-C^ dialkylamino, or NHCCOK^gHs; n and R50 have the meanings defined above; 



5 (0 




wherein X5, Xg, X9, n and R50 have the meaninp ddined above; 



IS 




wherein X5, X^, Xg, X9, n and Rjq have die meanings defined above; 

^ (CH2)nR50 
wherein X5, X5, Xg, X9 n and R5Q have the meanings defined above. 



2. A compound of Formula I according to Claim 1 wherein W is methyl; Z is hydrogen; X 
is halogen; and Q is Y' and Y' is selected from -C(0)Rio, -SO2R1O' -C(0)NRi2Ri3; ^lo and R13 

30 are selected from -(phenyl optionally substituted one or two C1-C4 alkyl, C1-C3 alkoxy, halo, 
C1-C3 alkylihio, trifluoromethyl, C2-C5 dialkylamino, or nitro)(CH2)nR5o wherein n is zero, one 
or two, and R50 is -COjH. -CH2NH2» "SH, .C(R^o)(R6l)SH. -NHC(OHCH2)ni-C(R^o)(R^l)-SH, 
-C(0)NHNH2, -CH2OH, <C(R6o)(R6i)C(0)NHNH2, -N(R^2)(CH2)uiC(R«))(R6l)C(0)-NHNH2, 
-0(CH2)n2C(R^o)(^l)^(C»)N*lNH2; wherein nj is 1-3; n2 is 0-2; R^q, Rgj and K^2. ^^^S 

35 same or different, are H, methyl or ethyl; R^2 ^ hyd^S^^ ^15 i^) 
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wherein X,o is -NH- or -0-; Xj and Xg. being the same or different, are hydrogen. OH 
10 Np2.NHC(0)CH3.halo,Ci-C4alkyI.C,-C3aIlcoxyorC2-Cediallcylainino. 

3. A compound of Formula I according to Qaim 1 wherein W is methyl; Z is hydrogen; X 
is halogen; and Q is V and Y' is selected from .C(0)R,o. ^OzRjo. -C(0)NR,2R,3; Rio Rij 
are sdected from -(phenyl opttonaliy substituted one or two C,-C4 alkyl, Cj-Cj aJkoxy, halo, 
15 C,-C3 alkylthio, trifluoromelhyl. Cj-Cg dialkylamino, or iutio)(CH2)„R5o n is zero, on^ 

or two, and Rjo is N-hydroxysucdmidyl or maleimide: t^a «$ hydrogen; and R,, is (aa) 



20 




25 



wherein X,o U -NH- or -O-; Xj and Xg, being the same or different, are hydrogen, OH, 
NOj, NHC(0)CH3, halo, C1-C4 alkyl. Cj-Cj alkoxy or Cj-Cg dialkylamino. 



4. A compound of Formula I according to Qaim 1 wherein W is methyl; Z is hydrogen; X 
is halogen; and Q is Y' and V is selected from -C{0)NRi2Ri3. ^(0)R,o. -SOjR.o, 
-C(0)NRi2Ri3; ^12 » hydrogen, Rjo and R13 are selected from -(phenyl optionally substituted 
with one or two CJ-C4 alkyl, €,-€3 alkoxy. halo. C,<:3 alkylthio, triHuoromethyl. Cj-Cg 
30 dialkylamino, or nitro)(CH2)„R5o: n is zero or one; Rjo is -B-M-(CH2)n3R52 wherein R52 is 
-NHj, -CCONHNHj. -COiH, or -SH aM R.5 is (aa) 



35 
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wberein Xjq is -NH- or -0-; X5 and X5 are indq)endendy H, NO2, NHC(0)CH3, 
halogen, C1-C4 alkyl, Ci^C^ alkoxy, or C^Ce dwlkylamino. 

5. A compound of Formula I according to Claim 1 wherein W is methyl; Z is hydrogen; X 
5 is halogen; and Q is Y and Y is selected from hydrogen, -C(0)R, -SO2R1, -C(0)NR2R3; R3 is 
hydrogen, R and R| and R2 (being the same or different) are selected from phenyl optionally 
substituted with one to three C1-C4 alkyl, Cj-Cj alkoxy, halo, C1-C3, alkylthio, Uifluoromethyl, 
C2-C6 dialkylamino, or nitro; and R*x5 is selected from 



IS 



20 




(dd> 



(ddd) 



25 



30 




(dddd) 
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0 



(ee) 



10 




or (eee) 



15 0 (ciaVso 

and n is 0-6; Xjq is -NH- or -0-; X5 and Xg are independenay H, OH, NOj, NHCCOCHj. bale. 
Cj-C4 allcyl, C1-C3 alkoxy or C2-C5 dialkylamino. 

20 6. A compound according to Claim 5 wherein R50 is N-hydroxysuccimidyl or maleimidyl. 

7. A compound accordmg to Qtim 5 wherein R50 is -B-M-CCH^jRsj wherein R52 is -NHj. 
-C(0)NHNH2. -CO2H. or -SH. 

25 8. A compound according to Qaim 5 wherein R50 b -CO2H, -CH^2> -SH, 
-C(R6o)(R6i)SH. -NHC(0)-(CH2)„i-C(R6o)(R6l)-SH, -C(0)NHNH2. -CH20h! 
-C(R6o)(R6l)C(0)NHNH2, -N(R62)(CH2)„,C(R6o)(R6i)C(0).NHNH2. 
-0(CH2)n2C(R<io)(R6i)C(0)NHNH2; wherein n, is 1-3; nj is 0-2; and R«„ Rg, and R«2, being 
the same or different, are H, methyl or ethyl. 

30 

9. A compound according to Clahn 8 wherein X5 and X5 are both hydrogen. 

10. A con^KHind according to Qaim 2 wherein X5 and X( are both hydrogen. 

35 11. A compound according to Qalm 5 wherdn Xs and X5 are both hydrogen and R50 is 
-COjH, -CH2NH2. -SH, -C(R<5o)(R<i,)SH, -NHC(OHCH2)„i-C(R<io)(R<5,)-SH. -CCONHNHj, 
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-CHjOH, -C(R6o)(R6l)C(0)NHNH2. -N(R<52){CH2)niC(R6o)(R6l)C(0)-NHNH2, 
-0{CH2)n2C(R6o)(R6i)C{0)NHNH2; wherein nj is 1-3; n2 is 0-2; and RgQ, R^i and R^2» 
the same or difTerent, are H, methyl or ethyl. 

S 12. A compound according to Qaim S wherein X5 and are both hydrogen, and R* 15 is 



Y 




<dd) 



13. A compound accoiding to Claim 12 wherein R^g is defined as in Claim 2. 

14. A compound of Foimula II according to Claim 1 wherein W is methyl; Z is hydrogen; and 
R'l5 is selected from 



20 



25 




(<W) 



(ddd) 
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S 



to 



IS 



20 




(dddd) 



(ee) 



or (eee) 



and n is 0-6; X,o is -NH- or -0-; and X5 and are independently H, NOj, NHC(0)CH3, 
halogen, €,-€4 alky!, Cj-Cj alkoxy, or diall^lamino. 

15. A compound of Formula H according to Claim 14 wherein R50 is -COjH, -CHjNHj, -SH, 
-C(R6o)(R6l)SH, -NHC(0)-(CH2)„,-C(R6o)(R6,)-SH, -CCONHNHj. -CHjOH. 
-C(R6o)(R6l)C(0)NHNH2, -N(R„)(CH2)„,C(Rgo)(R6,)C(0).NHNH2. 
-0(CH2)n2C(Roo)(R5,)C(0)NHNH2; wherein n, is 1-3: nj is 0-2; ^ Rg, and R^j, being the 
same or different, are H, mediyl or ethyl. 



35 



16. 
17. 



A compound of Formula D according to Claim 14 wherein 3^ and X5 are both hydrogen. 
A compound of Formula H according to Claim 14 vAerein )^ and Xg are boft hydrogen 
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and R50 is -COjH, -CHjNHj, -SH, -C(R5o)(R6i)SH. -^a^C(0)-(CH2)nl-C(R5o)(R6l)•SH, 
.C(0)NHNH2, -CH2OH, -C(R6o)(R6i)C(0)NHNH2. -N(R62)(CH2)n|C(R6o)(R6i)C(0)-NHNH2, 
-0(CH2)n2C(R6o)(R6i)C(0)NHNH2; wherein is 1-3; n2 is 0-2; and R^. R^i and R52» being 
the same or different, are H, methyl or ^yl. 



18. A compound of Formula 11 according to Qaim 14 wherein )^ and are both hydrogen, 
and R* 15 is 



IS 19. A compound of Formula n according to Claim 17 wherein }^ and are both hydrogen. 

20. A compound of Formula n according to Claim 14 wherein R50 is as defined in Claim 3. 

21. A compound of Formula II according to Claim 14 wherein R^q is as defined in Claim 4. 

20 

22. A compound according to Claim 1 selected from the group consisting of: 
(S)-2-[[[2-[[l-(chloromethyl)-l,6-dihydio-5-hydroxy-8-methylbenzo[ 

3(2H>yllcarbonyl)-lH-indo]-5-yl]anuno]carbonyl]-2-benzofuran-S<arboxyUc acid pbenylmethyl 
ester (Cpd #1); 

25 CS>2-I[[2-[[l-(chloromefliyl)-l,Mihydro-54iydioxy-8-methylbcnro^ 

3(2H)-yl]carbonyl]-lH-indol-S-yl]aminolcarbonyil-2-benzofuratt-S-carboxyli acid (Cpd il); 

{S>2-[[[2-((4,5,8,8aHetrahydro-7-methyl-4-oxocycIopropa-[c]pyrrolI3,2-e]indol-2(lH>y 
carbonyl]-lH-indol-5-yl]amino]carbonyl)-2-ben2ofuran-5-carboxylic acid (Cpd it^); 



(S)-2-[[[[2-I[l-(chloromethyl)-l,6^ihydro-5-hydroxy-8-methylbenzo[l,2-b:4,3-b1di^ 



30 3(2H)-yl)carbonyl]-lH-mdol-5-yllamino]carbonyl]-lH-mdol-5-yll-carbamic acid, 1,1-dimethyl- 
ethyl ester (Cpd #4); 

(S)-N-(2-[[l-(chloromcthyl)-l,6-dihydro-8-methyl-5-[II[4-[([(l,l-dimethylethyl)cxy]- 
carbonyl]aminomethyl]pbenyl]amino]car-bonyl]oxy]benzo[l,2-b:4,3-b*]-dipyrrol-3(2H)- 
yl]carbonyl]-lH-indol-S-yl]-2-benzofurancarboxanude (Cpd 05); 
35 5-[(2-mercaptopropionyl)amino]-N-[2-(4,S,8,8a-tetrahydro-7-methyl-4-oxocyclopropa 
[c-]pynolo[3,2-e]'mdoI-2(lH>yl)-lH-indol-5-yI]-lH-indole-2-carboxamide (Cpd H); 
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(S)-N-[2-I(l-(chIoromethyl)-l,6K!ihydro-8-methyl-5-I[t[4-[I(phenylmethyl^^ 
phenyl]amino]carbonyl]oxylbenzo(l,2-b:4,3-b']dipyrrolO(2H)-2-yl]carbony^^ 
benzofiirancarboxamide (Cpd #10); 

(S>-2KII2H[l-(chloromcthyI)-l,Mihydro-54iydroxy-8-m^^^ 
3CH>yllcarbonyl]-lH-indol-5-yIJaminolcarbonyll.5-IP^ 
zino]carbonyl]-lH-iiidol (Cpd #11 A); 

(S)-2-[[[2-[[ 1 -(chloromethyl). 1 .Wihydro-S-hydroxy-g-methylbenzol 1 ,2-b:4,3-b*]dipynol- 

3(2H)-ylJcarbonyl]-lHMndoI-5-ylJamiiioJcarbonyl]-5-(hydrazinocarbonyl)-IH-indol 
monohydrochloride (Cpd #11B); 

(S)-N-[2-[(l-(chloromethyl)-l,6-dihydro-8-incthyI-5-Il[I4-((2-[[(l,l. 
dimethylethyl)oxy]carbonyl]hydrazino]carbonyllphenyl]amino]carbonyI]oxy]bei^ 
b*]dipynol-3(2H>yl]carbonyl]-lH-indoI-S-yl]-2-benzofurancarboxami (Cpd #12); 

(S)-N-t2-[1 1 -(chloromclhyl)- 1 ,6-dihydro-g-methyl-5-I((l4-[[[2-[[(l , 1 -dimelhy lethyl) 
oxy]carbonyl]hydrazinolcarbonyl]cthyllphenyl]aininoJc^ 
3(2H)-yl]carbonyI]*lH-iiulol-5-yll-2-benzoiura^ (Cpd #13); 

(S)-N-[2-[[l-(chloroinethyl)-l,6-dihydro-8-methyl-5-[[[[4-[2- 
[(hydra2inocarbonyl)ethyl]phenyl]amlno]carbonyl]oxylbciizont2-b:4.3-b*Jdip^^^ 
yl]carbonyl]-lH-indoI-5-yl]-2-Ben2ofurancarboxainide, monohydrodiloride (Cpd #14); 

(S)-I[I2-[(l-(chloromeihyl)-l,6-dihydro-5-hydroxy-8-methyIbenzotl,24):4,^ 
3(2H)-yl]carboay8j-lH-indol-5-yijaminojcarbonyI].5-[2-II2-[[(l,l- 
dimethylethyl)oxy]carbonyI]hydrazino)carbonyI]ethyl]-2-Beiizofiiran (Cpd #15); 

(S)-[I12-If 1 -(chloromethyl)- 1 ,6^ihydro-5^ydroxy-8-methylbenzo[ 1 ,2-b:4,3-b']dipyrrol- 
3(2H)-ylJcarbonyIhlH-iiidol-5-yl]amiiK)]catbonyl^^ 
monohydrochloride (Cpd #16); 

(7bR)-N-I2-([4.5.8,8aHetrahydro-7-mcAyM.oxo<7dopropaIcfc 

carbonyl].lH-indol-5-yllamlnocarbonylJ.5-[2-I[2.I(M.dimethylcthyl)oxylcarbonyl] 
hydrazmo]carbonyI]ediyl-24>enzofuran (Cpd #17); 

(S)-[([-2((l-(chloromethyl)-l,Wihydro-5^ydroxy-8-mediylbeiu»[l,24):4,34^ 
3(2H)-yI]carbonyI]-lH-indol-5-yl]aminolcarbonylJ-5-[2-[[2-[[(l,l-dimeihylethyl) 
oxy]carbonyl]hydrazmo]carbonyI]^yI-2-b€nzofuran 3,6,9-trioxadecanoic acid ester (Cpd #18); 

(S)4[[-2[[l-(chloromftthyI)-l,6KJibyr1ro-5^yHroxy-8-methylbeiizo(l,2-b:^ 
3(2H)-yl]carbonyl]-lH-indoN5-yl]amino]carbonyll.5I2-(hydrazino)carbonyI]eA^^ 
3,6,9-trioxadecanoic acid ester (Cpd #19); 

(S)-[[[-2t[l.(chIoromethyl)-l,Mihydro-5-hydroxy-8-meAylbenioIU2-b:43-b1 
3(2H)-yllcarbonyll-lH-indol-5-ylJamino]carbonyl]-5-[2-[I2-[[(l,l.dimethylethyl) 
oxy]carbonyl]hydraziiio)carbonyl]etfayl]-2-benzofuran glutaric acid monoester (Cpd #20); 
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(S)-l(l-2([l-(chloromethyI>l,6-dihydro-5-hydroxy-8-methylbeiM 
3(2H)-yl]carbonyl]-iH-indol-S-yl]amino]carbonyI]-S-[2-[[2-[[(l»l-dimethylet^^^^ 
oxy]carbonyl]hydrazino]carbonyl]ethyl]-2-beiizofuran ester of N-[2-hydroxy-l,l- 
bis(hydroxymethyl)ethyl]glutarainic acid (Cpd ifli); 

5 (S)-([ [-2(( 1 -(cbloromethyl)-! ,Mihydro-5-hydroxy-8-methylbenzo[ 1 ,2-b:4,3.b']dipyrrol- 

3(2H)-yl]carbonyll4H-indo!-5-ynamino]carbonyll-5-[2-(hydrazino)carbonyl]ethyl-2-bcnzo& 
ester of N-(2-bydroxy-l,i-bis(hydroxymethyI)ethyl]gIutaramic acid (Cpd If22); 

(S)-[[[-2(Il-{chloromethy!)-l,6-dihydro-5-hydroxy-8-methyIbenzo[l,2-b:4,3-b']dipyt^^^ 
3(2H)-yI]carbonyl]-lH-indol-5-yl]aminolcarboiiyl]-5-[2-(l2-[[(M-dimethylethyl) 

10 oxy]carbonyl]hydrazino]carbonyl]ethyll-2-beozofuran glutaric acid monoester mono amide of 7- 
amino-naphthalene-l,3-di5ulfonic acid disodium salt (Cpd ni); 

(S>[[[-2[[l-(chloromethyl)-U6^ihydro-S-bydroxy-8-m^ylbenzo(l,2-b:43-b*]dipyrr^^ 
3(2H)-yI)carbonyl]-lH-indoKS-yl]amino]carbonyl]-5-[2Hhydrazino)carbonyl]ethyl-2-beiu^ 
glutaric acid monoester mono amide of 7-amino-naphtfaalene-U3-disu]fonic acid disodium salt (Cpd 

IS #24); 

23. A compound of Formula I according to Claim 1 wherein Y is selected from hydrogen, - 
C(0)R. -C(S)R, -C(0)ORi, -S(0)2Ri, -C(0)NR2R3, -C(S)NR2R3, -C(0)NHS02R4, 
-C(0)C:H2(OCH2CH2)n70(Ci-C3 alky!) and n7 is 0-5, or -C(0){CH2)n8C(0)R^ where n8 is O-lO 
20 and R|^ is selected from -OH (or a metal or amine salt thereoQ. -OR^ where R^ is 
-CH2C(CH20H)3 or R70, and -N(Rd) R^ where Rj is hydrogen or C1-C4 alkyl, and R^ is selected 
from -C(CH20H)3» -CH2C(CH20H)3, -CH2C(CH2NH2)3» ^jq, R7] or R72 where n9 is 1 or 2 
and nlO is 1-3. 



